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ABSTRACT
the recent advent of diode arrays and
use in radiometers, there has been
about the accuracy of using diode
in the measurement of pulsed and
order to determine whether or not diode
are accurate instruments for measuring
array
flash
array
these
Due to their
subsequent some
discussion
radiometry
sources. In
radiometers
sources, a Tracor Northern TN-1710 radiometer, which uses
a diode array, and a conventional, single channel
Optronic 730A radiometer were used to measure three
sources. These three sources consisted of a 45 watt
tungsten-halogen lamp pulsed with an optical chopper.- a
cathode ray tube (CRT) and a xenon flash. It was
determined that there was no significant difference
between the measurements taken with either system as long
as the intensity of the source was high enough to
overcome the inherent noise associated with a diode
array.
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INTRODUCTION
Radiometry is a discipline concerned with the
problem of measuring the energy content of optical
1 2
radiation fields within the optical spectrum. Although
light has been measured with visual photometers for a few
hundred years, the measurement of radiation with optical
instruments has been a rather recent development. It
wasn't until the 1930s that photoelectric sensors became
commercially available and even then these sensors, such
as phototubes and photomultiplier tubes (PMTs), were not
very stable. Now, with the advancements in technology
over the past decade, radiometry has become a much more
precise science with the ' incorporation of
photoconductors , photodiodes, phototransistors and other
stable detectors.
The Commission Internationale d'Eclairage (CIE)
defines a radiometer as an instrument that can "only
measure radiation in absolute units when it has been
calibrated against a standard source or a standard
2detector." Until approximately seventy years ago, the
only radiometric standards in existence were candles or
crude oil lamps. It was in 1914 that W.W. Coblentz first
addressed the need for a practical working standard by
developing a carbon filament standard of total
irradiance. These lamps, operating at color temperatures
of approximately 1900K and total irradiances of 100
2
jiW/cm , were used extensively for scientific research
until the arrival of the tungsten filament lamps as
standards of total irradiance. In 1965 new tungsten
standards were established at the National Bureau of
Standards (NBS).4 Three lamps; 100, 500 and 1000 W,
operating at color temperatures of 2800K to 2850K, were
set up as standards with total irradiance levels ranging
2from 0.5 to 7.5 mW/cm . Presently the more typical
calibration sources used to calibrate a wide variety of
instruments are low-wattage, 45W tungsten-halogen lamps
which can serve as sources of spectral irradiance over a
wavelength range of 250 to 2500 nm. A lamp in this
category operating at 6.5 amperes DC has a color
4
temperature of approximately 2900K.
Until recently, pulsed radiation sources have been
measured using conventional radiometers, such as the
Optronic 730A (figures 1 and 2). These radiometers use a
single detector such as a silicon cell and the spectrum
is scanned across this cell at a selected time and
wavelength interval usually using a grating and a series
of mirrors. With the better systems it is possible to
obtain these silicon cells with enhanced ultraviolet
response extending to 200 nm and a wavelength range up to
Figures 1 and 2. The Optronic 730A double monochromator
and the Optronic 730A radiometer and the Optronic 740-1C
controller.
51100 nm. The Optronic 730A Auto-Ranging
Radiometer/Photometer was the conventional radiometer
used in this investigation and can measure both
continuous and pulsed light sources over a wide dynamic
range. It utilizes a stable, extended range silicon
photodetector which is "individually calibrated in
amps/watt over the entire wavelength range of 250 nm to
6 0
1100 nm" . This silicon photodetector has a 1 cm active
area and is uniform in sensitivity over the entire
receiver. Calibration of the radiometer is accomplished
by using the standard of spectral irradiance supplied by
Optronic Laboratories Inc. at a distance of 50 cm. This
distance is measured from the monochromator ' s entrance
slit to the center of the filament of the
4
tungsten-halogen lamp. Schematic diagrams of the
Optronic 730A monochromator and silicon photodetector are
given in figures 3 and 4. The radiometer is interfaced
with the Digital Equipment Corporation LSI-11 computer
and associated software and the output of the radiometer
can be transferred to disks for future analysis and
plotting. In order to analyze an unknown source with the
Optronic radiometer, there is a program which will set
the wavelength to be scanned, the wavelength increments,
the scanning time, the delay time between scans and
several other parameters. Once these parameters are set
the scan is initiated and takes place increment by
M2. M3 Concave Mirrors
Ml, M4 Flat Mirrors
G Grating
Hand Scan Knob
Wavelength
Counter
#4-40 Set Screws
lcm2 Detector
BNC
Connector
Detector
Housing Detector
Surface
Detector Housing
Extension Tube
Filter Holder
Filter
Figures 3 and 4. Schematic diagrams of one-half of the
Optronic 730A double monochromator and the layout of the
730A silicon photodetector.
increment. This procedure can take up to several hours,
depending on the parameters selected.
With the advent of multi-element silicon detectors,
it has now become possible to make simultaneous
multi-channel measurements of pulsed radiation sources.
One such instrument is the Tracor Northern TN-1710
radiometer (figures 5 and 6). This versatile radiometer
was used in this investigation and can be used for many
different applications depending on the modules that have
been installed. This instrument, made available through
the Munsell Color Science Laboratory, consists of a
mainframe in which there are six modules: an optical
spectrometer, memory subgroups, a photometric processor,
a data processor, a remote controller and a calibrator.
The mainframe is interfaced with a Digital Equipment
Corporation Rainbow 100 personal computer and is also
connected by means of a cable to the fixed grating
spectrograph and the detector which are mounted on an
optical bench in a darkroom. The detector is a
self-scanned photodiode array employing 512 elements on
50.8 um centers. The calibration of this instrument is
carried out identically to that of the Optronic 730A
radiometer, employing the same standard of spectral
irradiance. The difference between conventional
radiometers and array radiometers such as the Tracor
Figures 5 and 6. The Tracor Northern TN-6100 series DARSS
and spectrograph, and the Tracor Northern TN-1710
mainframe.
Northern is the time required to scan an unknown source
and collect data. In the Tracor Northern configuration
the spectrum is imaged directly on the surface of the
detector, a self-scanned photodiode array, with a curved
holographic grating thus reducing the time required to
scan a source from what could be several hours employing
conventional instruments to fractions of a second since
all wavelengths are detected simultaneously. Schematic
diagrams of the diode array and the spectrograph are
given in figures 7 and 8.
The Diode Array Rapid Scan Spectrometer (DARSS) is
an integral part of the Tracor Northern TN-1710, using a
detector which is a self-scanned photodiode array. The
readout electronics and the scanning circuitry are
g
included on the same chip as the detector. The detector
head employed with the Tracor Northern TN-1710 in the
Munsell Color Science Laboratory is model number
TN-6111. This detector head uses a small area
self-scanned photodiode array detector with its 512
elements being on 50.8 um centers. As each scan takes
place, the capacitance associated with each diode is
recharged to a reference voltage. Readout is accomplished
by a series of clock pulses at a 100 KHz rate being
transmitted to the detector array and each clock pulse
causes one diode to be readout. This occurs in sequential
-1001
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Figures 7 and 8. Schematic diagrams of the Tracor
Northern diode array detector, its apt
the TN-6048 fixed-grating spectrograph.
erture response and
8
10
order until all 512 diodes have been readout and the
array circuitry then generates an end of scan signal,
terminating the clock pulses. As can be seen here, it is
the electronics that limit the measurement time during
readout of the diodes, not the response time of the
detector array. Even so, the response time of this
instrument can be as low as 5 milliseconds for a complete
scan.
9
Y. Talmi and R.W. Simpson defined photodiode
geometry in a self-scanned photodiode array by diffused
p-type bars in a n-type silicon substrate, with the
center to center distance between the diodes defining the
resolution in the scan direction. According to literature
Q
provided by Tracor Northern , each photodiode is
separated from neighboring photodiodes by an n-type
silicon area and this area is supposed to prevent charge
spread between diodes, even though the n-type and p-type
silicon surfaces are both photosensitive. This charge
spread appears to be the same thing that Y. Talmi and
R.W. Simpson refer to as blooming or "signal cross talk
9
between adjacent pixels (due to charge spillover)", and
they believe this may reduce the dynamic range in the
detector assembly.
In the literature supplied by Tracor Northern on the
11
DARSS, there are several inherent problems which are
addressed. Sensitivity and leakage current of each
detecting element could differ because of manufacturing
and material imperfections7 . However, leakage current is
considered to be a constant for fixed exposure times and
by calibrating the detector with a source of known
spectral characteristics, any non-uniformities can be
compensated for. This paper also mentions noise problems,
most of which occur during the readout process. The
problem of detector noise can be alleviated using signal
averaging (integrating the signal using the diode array).
Linearity of the wavelength readout is stated to be
accurate as the detector array geometry is designed to be
"as precise as modern IC production techniques can
g
achieve." Any wavelength non-linearities occuring are
stated to be a function of the dispersion of the
spectrograph (basically a monochromator with the exit
slit removed) . Another precaution taken with the detector
in order to alleviate the problems caused by leakage
current and dark noise is to cool the detector using
Peltier coolers, devices which are cooled as electrical
current passes through them. There is also a dehumidifier
port and a dehumidifier available. These ensure that no
condensation forms on the diode array and therefore
eliminates any response problems caused by humidity.
12
Up until this time there has been some question as
to the validity and accuracy of diode array radiometers
in measuring pulsed and flash sources.10'11 Questions
have arisen as to the accuracy of such measurements which
utilize diode array radiometers across the visible
wavelength range (380 to 760 nm) because of the diversity
of results obtained by several separate groups of
individuals using different instruments, sources and
methods of alignment. Some of the possible causes for
these diverse readings could be a difference in response,
wavelength scale mismatches or misalignment.
It was the intent of this investigation to test the
validity of diode array radiometer measurements, in this
case utilizing the Tracor Northern TN-1710, in the
measurement of pulsed and flash sources. This was
accomplished by measuring and analysing a pulsed
tungsten-halogen source (figure 9), a cathode ray tube
(figure 10) and a xenon flash (figure 11) with both the
Tracor Northern TN-1710 radiometer and the Optronic 730A
radiometer in the visible wavelength range (380 to 760
nm) . When using the Optronic radiometer to measure the
xenon flash, one flash was required for each 5 nm
increment whereas the Tracor Northern radiometer needed
only one flash for each complete scan from 380 nm to 760
nm. The xenon flash proved to be a very stable source in
13
Figure 9. The tungsten-halogen source: a G.E. 45W
Quartzline Lamp.
14
Figure 10. The cathode ray tube (CRT): a Xerox color
monitor and associated hardware.
15
Figure 11. The xenon flash: an EG&G xenon flash
16
this investigation and there were therefore no problems
with flash repeatability.
It was the premise of this investigation that there
was nothing associated with the physics of the DARSS that
should cause any measurements made with it to
statistically differ from measurements taken with a
conventional radiometer as long as repeated measurements
made with the source, especially the flash, were not
significantly different. The silicon used in diode arrays
is the same as the silicon used in conventional silicon
photodetectors, only the electronics differ. The detector
responses (figures 12 and 13) are very similar.
In order to accurately assess these two instruments,
every effort was made to insure there would be no
alignment problems. The two radiometers were mounted
on a single optical bench, one at each end, and the
entrance slits positioned so that they faced each other.
After these slits had been aligned with a laser, the
instruments were secured to the bench. Both radiometers
were set to have, as nearly as possible, identical
bandwidths, the same scanning increments during
measurements and the sources measured were set at
identical distances from the entrance slits. This ensured
the physical setup of the radiometers would impose no
17
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problems during the experimental part of this thesis.
Other problems which cause errors in radiometers were
closely monitored. These included poor calibration
procedures, improper maintenance, stray light resulting
from poor techniques, inaccurate lamp orientation,
inaccurate distance measurement, etc.
If the results of this thesis indicate that diode
array radiometry is valid for the measurement of pulsed
sources and flashes, then the use of these instruments
for such measurements would prove invaluable. The time
saved by using these instruments is substantial and in a
situation requiring many measurements, this could result
in saving days of needless waiting for results. As P.L.
Polavarapu has stated, "using multichannel (either
vidicon or diode array) detection, routine spectral
acquisition time can be reduced from a few hours required
in scanning Raman spectrometers to typically a few
13
seconds." Although this reference referred to
measurements made of aqueous solutions by multichannel
spectroscopy, it could just as easily apply to pulsed
source and flash measurements if the validity of such
measurements was upheld by this investigation.
Furthermore, the colorimetric calibration of CRTs require
a considerable number of measurements. The time saved by
using an array instrument would certainly be significant.
19
EXPERIMENTAL
The two radiometers to be compared in this
investigation were the Optronic 730A Auto-Ranging
Radiometer/Photometer and the Tracor Northern TN-1710
Radiometer. The Optronic radiometer utilizes a double
monochromator, the main reason for the extremely low
scattered light levels found in this instrument, and a uv
2
sensitive photodetector with a 1 cm active area which is
individually calibrated over a wavelength range of 250 nm
to 1100 nm. A pulse integrator is used to measure pulsed
sources. The Tracor Northern radiometer uses a TN-6100
series diode array rapid scan spectrometer (DARSS) with a
TN-6048 fixed-grating spectrograph. This is a 512 diode
array detector which is capable of measurements over a
wavelength range of 240.8 nm to 870.8 nm in 1.2329 nm
increments .
In order to accurately assess these two instruments,
every effort was made to insure there were no alignment
problems. Both radiometers were first mounted on
steel plates and then attached to the opposite ends of a
three meter optical bench with their entrance slits
facing each other. This optical bench is situated in a
darkroom (research darkroom 22). The entrance slits of
both radiometers were aligned with the ruled markings on
20
the optical bench, the Optronic 730A's entrance slit at
the 0.40 meter mark and the Tracor Northern TN-1710's
entrance slit at the 2.50 meter mark. The alignment was
completed by using a polarized helium neon laser borrowed
from the Center for Imaging Science Optics Laboratory-
The laser was aligned such that as its beam was projected
through the exit slit of the monochromator of the
Optronic radiometer, it passed through the entrance slit
of the monochromator and then travelled parallel to the
center of the optical bench. At the other end of the
optical bench, the Tracor Northern radiometer's entrance
slit was aligned with the beam of laser light emitted
from the Optronic monochromator 's entrance slit, then
incident on the detector (the Tracor Northern's exit
slit). Once alignment of these two radiometers was
completed, with respect to their position on the optical
bench and the position of their entrance slits to each
other, they were both secured to the optical bench.
Next other physical problems were addressed so that
the two instruments would parallel each other as closely
as possible. The wavelength accuracy of both radiometers
was checked using a mercury vapor lamp (figure 14) and
insuring that the principle lines in the visible spectrum
were as close as possible to 405, 435, 546 and 578 nm on
both instruments. Figure 15 compares the wavelength
21
Figure 14. The mercury vapor lamp and power supply: a
product of Hanovia Lamp Div., type 7606.
22
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Figure 15. Wavelength calibration plots of the Optronic
730A radiometer versus the Tracor Northern TN-1710
radiometer using a mercury vapor source between 400 nm
and 600 nm.
23
alignment of the Optronic and Tracor Northern
radiometers. As an example the peaks of the principle
lines of this particular alignment were: 405.0, 435.5,
546.0 and 577.7 nm on the Optronic radiometer; 405.0,
435.2, 545.6 and 577.5 nm on the Tracor Northern
radiometer. While measuring for the wavelength accuracy
of the Tracor Northern it was noticed that this
instrument appeared to be extremely sensitive to any
vibration or movement. The slightest touch would cause
the principle lines of the mercury vapor lamp to shift
considerably, thus producing erroneous readings. One
problem appeared to be the entrance slit. The entrance
slit is on a split ring and fitted into the front of the
spectrograph. This was found to be a very loose fitting
arrangement which was susceptible to movement by the
slightest touch or vibration. By forcing the split ring
apart very slightly and resetting the slit into the
spectrograph, this problem was negated. Another problem
was the sensitivity of the curved holographic grating in
the spectrograph. In this instance also, any vibration of
the instrument would cause the wavelength alignment to be
thrown off. This proved to be both a problem during the
preliminary setup of the radiometer and with later
measurements. This problem was overcome by checking the
wavelength alignment of the Tracor Northern before any
measurements were to be undertaken, usually on a twice
24
daily basis.
The bandwidth of the Tracor Northern is fixed at 2.5
nm as the entrance slit provided could not be replaced
with another of different dimensions. The Optronic 730A
comes with a variety of entrance and exit slits and in
order to parallel the bandwidth of the Tracor Northern,
entrance and exit slits of 1.25 mm were chosen. The
bandwidths of both instruments were then checked using
the same mercury vapor lamp used for the wavelength
accuracy check. This was accomplished by taking
measurements on both instruments between 540.0 nm and
550.0 nm and utilizing the principle line of the mercury
vapor lamp situated at 546.1 nm. With the Optronic
radiometer measurements were taken at every 1.2 nm and
with the Tracor Northern measurements were taken every
1.2329 nm. Both the radiometers proved to have bandwidths
of 2.50 nm using this method. Figure 16 is the graphic
result of the bandwidth measurements of both of these
instruments .
To further insure that the two radiometers
paralleled each other as closely as possible it was
decided that all measurements would be taken at 5 nm
increments from 380 nm to 760 nm. In the case of the
Tracor Northern radiometer the results of measurements
25
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Figure 16. Bandwidth calibration plots of the Optronic
730A radiometer versus the Tracor Northern radiometer
using the mercury vapor source between 540.0 nm and 550.0
nm (2.5 nm in both cases).
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from this instrument would have to be interpolated. This
was accomplished by utilizing a Newton-Gregory forward
15
polynomial program. This program picks off two data
points on each side of the point desired and interpolates
them to give a value at the point desired. However,
before initiating this interpolation program there were
three other programs that were used to change the Tracor
Northern data received into an Optronic format. The
reason for this was to facilitate the use of the Optronic
program available in the Munsell Color Science Laboratory
used for plotting graphs and obtaining other information
from the measurements (such as chromaticity coordinates).
The first program (appendix A-2) transfers the data from
the Tracor Northern mainframe to the Rainbow computer.
This data is in eight columns and is a readout of all 512
diodes from 240.8 nm to 870.8 nm at 1.2329 nm intervals.
The second program (appendix A-3) converts the Tracor
Northern format to the Optronic format. This results in
the eight columns being formatted into one column of data
from 240.8 nm to 870.8 nm, still in 1.2329 nm increments.
The third program (appendix A-4) calibrates the Tracor
Northern data from the second program using a calibration
file previously setup by measuring the standard of
spectral irradiance at 50 cm from the Tracor Northern's
input slit. The fourth program, the interpolation program
(appendix A-5) is then utilized. This program not only
27
interpolates the data but also eliminates the unecessary
data (for this investigation) from 240.8 nm to 380 nm and
from 760 nm to 870.8 nm. The end result is a column of
irradiance values from 380 nm to 760 nm in 5 nm
increments in the proper format for plotting when using
the programs available in the Munsell Color Science
Laboratory.
The standard of spectral irradiance that was used to
calibrate both the Optronic and Tracor Northern
radiometers is from Optronic Laboratories Inc. and is a
high accuracy irradiance standard which is based upon the
National Bureau of Standards Scale of Spectral
Irradiance. It is a 45 watt quartz-halogen tungsten
coiled-coil filament lamp, model 245M, which bears the
designation L-376. It has been calibrated from 250 nm to
1100 nm at a distance of 50 cm from the radiometer input
17
slit when operated at 6.5 amperes DC. The distance of
the lamp was measured from the radiometer entrance slit
to the center of the lamp filament and a black panel,
approximately 1 meter by 1 meter, was place at 1 meter to
18
the rear of the lamp. Because the importance of the
orientation of this lamp and the other sources that would
be measured later on, it was essential to be able to
locate the source precisely and reproducibly with respect
to the input slits of the two radiometers. To achieve
28
this, the filament of the lamp was centered parallel to
the slit of the instrument and the lamp mounting was then
clamped tightly to allow no movement. The lamp mounting,
which was affixed to an optical carrier, was then moved
away from the slit until the filament was 50 cm from the
entrance slit. The optical carrier has a notch on its
underside which fits into a grove in the optical table
and this prevents the filament from moving either
horizontally or vertically from its centered position in
the entrance slit as it is moved rearward to its 50 cm
postion (figure 17). This same procedure was followed
with all sources. The lamp was then used to calibrate
both instruments, after a warmup period of 10 minutes, at
the beginning of every test run before any other
measurements were attempted. It was powered with a
constant amperage of 6.50 amperes by a Hewlett Packard
Harrison 627A DC power supply and the amperage was
constantly monitored by a Hewlett-Packard DC meter with a
digital readout (figure 18). Previous experimentation
with this power supply showed no measurable drift at 6.50
amperes when monitored with the DC meter. In the case of
the Tracor Northern radiometer, an exposure time must be
chosen before any measurement is taken and it must be an
exposure time that will not saturate the diode array.
After some preliminary readings, the calibration
measurement was taken using an exposure time of 0.20513
29
Figure 17. Position of the 45W standard of spectral
irradiance with respect to the Tracor Northern
spectrograph/detector .
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Figure 18. The Hewlett-Packard 34740A meter (top) and the
Hewlett Packard Harrison 627A DC power supply.
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seconds. This exposure time was the optimum time that
could be used with the standard of spectral irradiance.
The output current from the diode array is
analog-to-digital converted with a 12 bit converter which
produces a final output in the form of digital counts
gfrom 0 to 4096 and the exposure time of 0.20513 seconds
ensured that the digital count of 4096 was approached but
not exceeded .
Another series of tests carried out to determine the
dynamic range of the Tracor Northern included taking
measurements at eight exposure times between 0.00515 and
40.00513 seconds with no source present and in a totally
darkened room. Ten measurements were taken at each
exposure time and then averaged, resulting in digital
counts for the dark current present at each exposure. The
resulting dark current measurement for each of these
exposures remained very uniform throughout the 380. nm to
760 nm wavelength range and therefore the digital count
at 550 nm was chosen as the digital count at each
exposure time to be used in the calculation of the
maximum irradiance. Exceeding this value of irradiance
would result in saturation of the diode array. The first
calculation was to subtract the digital count at 550 nm
from the maximum allowable digital count, 4096. This
would result in the usable digital count available when
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measuring a source at the listed exposure time. These
values are found for each of the exposure times in Table
1- In Table 1 column 3, the usable digital range, is
actually the maximum digital count (4096) minus the dark
current digital count. The digital counts of column 3
were then changed to maximum irradiance values using the
following formula:
Maximum irradiance = ETS
CAL(X)
STD(X)
TST(X)
ETT
where: ETS = exposure time of the 45W standard of
spectral irradiance (seconds),
CAL(X) = 45W standard of spectral irradiance
irradiance value at 550 nm (W/cm ),
STD(X) = calibration file digital count at
550 nm,
TST(X) = usable digital count of the test
measurement at 550 nm, and
ETT = exposure time of test measurement
(seconds) .
Using this formula on all eight exposure times resulted
in a value of maximum irradiance that could be measured
at each exposure time. Exceeding this value of irradiance
(see Table 1, column 4) would result in saturation of the
diode array.
To obtain the noise equivalent irradiance, the dark
current was measured at each exposure time in the
addition mode of the optical spectrometer, then measured
in the subtractive mode of the optical spectrometer.
These two measurements were then combined. The digital
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Table 1. Digital count of dark current, usable digital
digital count remaining (4096 minus digital count of dark
current), maximum irradiance (dark current) and noise
equivalent irradiance estimates for the Tracor Northern
(exposure times between 0.00515 and 40.0051 seconds).
Time
(Seconds)
Dark
Current
(Digital
Count)
Usable Maximum
Digital Irradiance
Range (W/cm )
Noise
Equivalent
Irradiance
(W/cm2)
0.00515 42 4054 2.93E-05 2.89E-08
0.05113 46 4050 2.95E-06 2.91E-09
0.50513 122 3974 2.93E-07 2.95E-10
2.20513 401 3695 6.24E-08 6.75E-11
5.00513 816 3280 2.44E-08 2.98E-11
10.00513 1463 2633 9.80E-09 1.49E-11
20.00513 2404 1692 3.15E-09 7.45E-12
40.00513 3422 674 6.27E-10 3.72E-12
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count remaining was the noise equivalent digital count.
This was repeated 10 times, averaged and then changed
into irradiance values in the same manner as for the
maximum irradiance values (see Table 1, column 5). The
maximum digital count at all exposure times was found to
be four digital counts. It must be remembered that these
measurements were made with no source and in a dark room.
With the additional intensity of a source added the noise
equivalent irradiance will increase because the
cross-talk between the diodes will be increased. Figure
19 shows the usable digital count available with this
particular instrument for a maximum of 4096 digital
counts at an exposure time of 0.0 seconds to a low of 674
digital counts at 40.00513 seconds.
In order to decrease the time that the standard of
spectral irradiance would have to be used and therefore
insure that there was a constant source with which to
calibrate the two radiometers, a G.E. Quartzline lamp
(Q6.6A/T2.5/ICL 45W 6.6A) was employed to supply the
continuous source needed for the first set of
measurements. This was the same model lamp as the one
used to calibrate the two instruments except that it was
uncalibrated. To insure that this lamp had sufficient
time to stablilize, an aging period of approximately 12
hours was undertaken where the lamp was operated at 6.50
35
Tracor Northern. Usable Digital Count
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Figure 19. The usable digital count for the Tracor
Northern for exposure times between 0.0 seconds and
40.00513 seconds.
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amperes. During this time period the lamp was monitored
by setting the Optronic radiometer to 550 nm, placing the
lamp 50 cm from the entrance slit with the black panel
one meter behind the lamp and then recording the spectral
power (in amperes) every 30 minutes to insure there were
no large deviations. The lamp proved to be very stable
and varied from its initial value of 3.74E-08 amperes by
no more than 0.8 percent.
The first set of measurements taken used the G.E.
Quartzline lamp as a continuous source. Three filters
were then chosen in the 380 nm to 760 nm range, one each
in the short, medium and long regions of the spectrum. At
first Corning glass filters, which were available through
the Munsell Color Science Laboratory, were selected
because they were less susceptible to temperature changes
than Wratten filters. After several measurements were
taken with these filters it became apparent that there
was some unforeseen problem as successive measurements
with the same filter would yield substantially different
results. Upon closer scrutiny of these filters it was
noticed that there were minor flaws in them, such as
small bubbles, internal streaks and scratches. With the
Tracor Northern, these flaws were very serious as the
small entrance slit magnified any minor discrepencies
and seriously affected resulting measurements. In order
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to overcome this problem, a color standard filter set
(#68) from Hemmendinger Color Laboratory was used and
this problem was overcome. By selecting the appropriate
filters, it would be possible to detect any discrepencies
between measurements made with the Tracor Northern and
Optronic radiometers at different locations in the
visible spectrum. This would also show whether or not
there is a wavelength problem at each segment of the
visible spectrum measured or whether it was simply a
difference in the spectral power distribution.
In combination with the filters and the
tungsten-halogen lamp another set of reading were taken
using an optical chopper (a variable frequency chopper,
model no. 66311 manufactured by Oriel Corporation) to
chop the source at 30 Hz and 60 Hz (figure 20). The
optical chopper was used as the method of producing a
pulsed source rather than a shutter to minimize the
possiblility of any mechanical errors. This chopper has a
frequency range of 4 to 3000 Hz by controlling a motor
with a maximum speed of 100 Hz and a variable number of
19
blades mounted on a wheel (from 2 to 30 blades). The
two bladed wheel used in this investigation provided
continuously variable frequencies in the range of 4 to
200 Hz. The frequency of the chopper is set by the
chopper controller, an Intel 8031 microprocessor, by
38
Figure 20. The Oriel optical chopper and chopper
controller. The chopper shows the housing used to
position filters in front of the chopper blade.
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means of a frequency set dial and phase control buttons
on the front panel of the unit.20The frequency is
displayed on the front of the controller by means of an
optical feedback circuit and a digital readout. A problem
arose with the positioning of the chopper with respect to
the entrance slit, especially with the Tracor Northern
radiometer. With this instrument different measurement
readings resulted whenever the chopper was moved to
different positions in front of the entrance slit. The
solution to this problem was to take a reading without
the chopper in place and to then position the chopper
directly over the entrance slit so that its rear mount
(the entrance opposite the chopper blade entrance) fit
flush against the spectrograph housing. If positioned
properly, the irradiance from the source would
symmetrically encircle the entrance slit housing and a
subsequent reading would not differ from the first
reading taken without the chopper in place. With the
Optronic radiometer, this was not a problem as the rear
entrance of the chopper fit snuggly into the entrance
slit housing and readings with and without the chopper
were not significantly different. One alteration to the
optical chopper was made. A housing was added directly in
front of the chopper blade entrance so that the filters
could be mounted in the same position every time. This
mount had two set screws which anchored the filters
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securely in place for measurements utilizing them.
The following measurements were taken with both the
Optronic and Tracor Northern radiometers using the
tungsten-halogen 45W lamp at a distance of 50 cm from the
2
entrance slit and placing the black 1 m panel one meter
behind the lamp:
the T-H lamp, no chop, no filter;
the T-H lamp, chopped at 30 Hz, no filter;
the T-H lamp, chopped at 60 Hz, no filter;
the T-H lamp, no chop, blue filter (HCL 104-68);
the T-H lamp, chopped at 30 Hz, blue filter;
the T-H lamp, chopped at 60 Hz, blue filter;
the T-H lamp, no chop, green filter (HCL 103-68);
the T-H lamp, chopped at 30 Hz, green filter;
the T-H lamp, chopped at 60 Hz, green filter;
the T-H lamp, no chop, red filter (HCL 101-68);
the T-H lamp, chopped at 30 Hz, red filter;
the T-H lamp, chopped at 60 Hz, red filter.
Each of these measurements were taken over the span
of three days, two measurements being taken each day for
each configuration. Both radiometers were calibrated once
in the morning and once in the afternoon before any set
of measurements was taken. For the measurements made with
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the Tracor Northern radiometer, the exposure time was
0.20513 seconds in all cases. The measurements were then
stored on disks for future analysis and plotting. In the
case of the Optronic radiometer the data was stored on 8
inch disks as this instrument is interfaced with a
Digital Equipment Corporation LSI-11 computer with
associated software. The Tracor Northern radiometer is
interfaced with a Digital Equipment Corporation Rainbow
100 personal computer. Here the data was stored on 5.25
inch disks after the data had been interpolated from
1.2329 nm to 5 nm data.
The next set of measurements utilized a cathode ray
tube (CRT), in this case a Xerox monitor (model no.
21
6060-20), and software which allowed the entire screen
to be changed to one color. Measurements taken with the
Tracor Northern radiometer were at an exposure time of
0.20513 seconds. The center of the CRT was set 50 cm from
the entrance slits of the radiometers and two
measurements were taken each day for a period of three
days using the following screen configurations:
a) a solid blue screen;
b) a solid green screen
c) a solid red screen.
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After these measurements had been taken, the data
was stored on disks in the same manner as for the
tungsten-halogen measurement data. During these
measurements using the blue, green and red phosphors of
the Xerox color monitor it became apparent that there was
some problem with the values being recorded. The
measurements taken with the Optronic radiometer were
substantially lower than those taken with the Tracor
Northern radiometer, even though the source was placed at
exactly the same distance from the respective entrance
slits (50 cm). The problem appeared to be twofold. First,
the entrance slits of the two instruments varied
drastically in their physical makeup and therefore the
two radiometers were looking at different areas of the
screen. The total aperture acceptance angle for each
22
instrument was calculated using the following formula:
U =
sin-1
N * f/#
Here, U is the total aperture acceptance angle and N is
the refractive index of air. Substituting in an f/# for
23 24
the Optronic monochromator of f/4
'
and an f/# for the
8 25
Tracor Northern spectrograph of f/3
' resulted in total
aperture acceptance angles of 14.5 and 19.5 degrees
respectively. Added to this was the problem that the
screen being measured could no longer be considered a
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point source as the 45 watt lamp had been. The screen had
to be considered as a broad source and was therefore
overfilling both detectors. This screen was also a curved
surface, another unforeseen problem. The first attempt to
rectify this problem used a mask which covered the CRT
with only a small aperture present in the center of the
screen. It was hoped this small aperture would imitate a
point source but the low intensity of the CRT made it
impossible to make any irradiance measurements which were
acceptable. The solution to this problem appeared to be
to accept the irradiance values collected when the source
was 50 cm from the input slit of the respective
radiometers and then to normalize the data. This
normalization was done by taking the maximum Optronic
irradiance value and dividing it by the maximum Tracor
Northern irradiance value. All Tracor Northern irradiance
values were then multiplied by this constant.
The last set of measurements employed a xenon flash
manufactured by EG&G. This lamp was constructed of
UV-inhibiting quartz and the system had two operating
modes, a two lamp repetitive mode and a one lamp
"single-shot"
mode. The flash utilized a modified Kodak
EKTAPRINT 150 Illumination Power Supply and the dc
voltage, which charged a series of capacitors, could be
altered to provide a range of 0.0 to 10.0 VDC. It was the
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discharge of the capacitors which triggered the flash.
This lamp was operated in excess of 5 VDC (10 VDC) as
control voltages of less than 5 VDC had proven to be very
26
unreliable.
'
Because of the intensity of this flash
system, the lamp area (approximately 50 cm. by 15 cm) was
masked leaving only one circular opening of 1.8 cm. in
diameter. The intensity of this flash also required that
the aperture of the flash be set further back from the
entrance slit of the radiometers, especially in the case
of the Tracor Northern where, if the flash was set too
close to the entrance slit, flooding of the diodes caused
a saturated exposure. A distance of 135 cm. from the
entrance slit of the Tracor Northern radiometer proved to
be an acceptable position to set the aperture of the
xenon flash and therefore this was also the distance used
when measurements were taken with the Optronic
radiometer.
It should be mentioned here that this system had to
be handled with extreme care as hazardous and lethal
potentials existed. One problem was the capacitors in the
power supply which required discharging with a discharge
tool before any work could be done on the system. Care
was taken to insure the capacitors were fully discharged
at the end of each session and that no one came in
contact with the power supply while it was in operation.
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Another problem was the flash itself which was capable of
exceeding the recommended ocular exposure thresholds.27
Masking of the source during this part of the
investigation substantially reduced the output of this
flash. An additional precaution was simply looking away
from the flash when it was about to be triggered.
As with the previous two sources measured, the
measurements of the xenon flash were taken twice daily
over a period of three days and the data was then stored
in the same manner.
The last measurement taken using the xenon flash was
in order to find the pulse width of this flash. A
Tektronix 7313 Oscilloscope with storage capability
(figure 21) was used in conjunction with the detector
from the Optronic radiometer to accomplish this. This
2
detector is a 1 cm silicon detector and does not have
photopic correction. The detector was connected directly
to the oscilloscope's differential amplifier and the
xenon flash was triggered. The resulting output of
voltage versus time was stored on the oscilloscope
screen. This screen also displayed the voltage per
division and the time per division in the top left and
right hand corners respectively-
LFigure 21. The Tektronix 7313 Oscilloscope (used to find
the pulse width of the xenon flash).
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RESULTS
The following pages contain figures and tables of
the numerical results of this investigation.
Table 2 is the color temperatures for the 45 watt
tungsten-halogen source and for the xenon flash source,
using both the Optronic and Tracor Northern radiometers.
The color temperature values were derived using the mean
values of spectral irradiance which were taken twice
daily over a span of three days and then computed using
conversion and color temperature programs available in
the Munsell Color Science Laboratory. Values in this
table are given in Kelvin.
Figure 22 is a graph of the xenon flash pulse
duration and amplitude. This graph - is a result of
information gathered using a Tektronix 7313 Oscilloscope
and the Optronic 730A detector. From this graph the pulse
width of the xenon flash used was calibrated, at the
fifty percent level of maximum amplitude, and this pulse
width was found to be 1 millisecond.
Table 3 is a summary of the mean percent deviations
and the R.M.S. errors for the absolute measurement
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comparison of the two radiometers. A detailed set of
tables of these results is contained in Tables 4-19.
Tables 4-19 contain the absolute measurement
comparison between the Optronic 730A radiometer and the
Tracor Northern TN-1710 radiometer for the various
sources which were measured during this evaluation. The
values given for spectral irradiance are the mean values
of six trials over a period of three days. All these
sources were evaluated within the visible spectrum
(380-760 nm) at a distance of 50 cm from the input slits
of the radiometers with the exception of the xenon flash
which was evaluated at 135 cm from the input slits. All
sources were also measured at an exposure time of 0.20513
seconds with the Tracor Northern radiometer. The percent
deviation found in the forth column of these tables was
mathematically derived as follows:
Mean Optronic Irrad . - Mean Tracor Irrad
Dev. =
Mean Optronic Irrad.
Also included in these tables are the mean percent
deviation and the R.M.S. error. The R.M.S. error was
derived using the following formula:
nR.M.S. = l- Px2
n L / i
1/2
i = l
where: x = the percent deviation at each wavelength
increment .
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Any values of spectral irradiance in the tables for the
45 watt tungsten-halogen source and the xenon source
2
which were less than 1.00E-08 W./cm. were ignored in the
calculations of mean percent deviation and R.M.S. error
as were any values of spectral irradiance less than
2
5.00E-09 W./cm. found in the tables in which the Xerox
monitor was used as a source. The reasons for this are
discussed later.
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Table 2. Color Temperature of the 45 watt
tungsten-halogen source and the xenon flash using both
the Optronic 730A and Tracor Northern TN-1710
radiometers .
Radiometer Source Color Temperature
Optronic 45W T-H 2900K
Tracor 45W T-H 2891K
Optronic Xenon 7032K
Tracor Xenon 6975K
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Figure 22. Graph of pulse duration and amplitude of the
xenon flash used in the calibration of the pulse width of
this source (1 msec at 50% of the pulse amplitude).
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Table 3. Summary of the mean percent deviations and
R.M.S. errors for the absolute measurement of the
Optronic and Tracor Northern radiometers.
SOURCE
T-H, no chop/no filter
T-H, 30Hz/no filter
T-H, 60Hz/no filter
T-H, no chop/blue filter
T-H, 30Hz/blue filter
T-H, 60Hz/blue filter
T-H, no chop/green filter
T-H, 30Hz/green filter
T-H, 60Hz/green filter
T-H, no chop/red filter
T-H, 30Hz/red filter
T-H, 60Hz/red filter
Xerox Monitor, blue screen
Xerox Monitor, green screen
Xerox Monitor, red screen
Xenon Flash
MEAN
%
DEV-
RMS
ERROR
1.54 1.59
2.30 2.90
2.52 3.13
4.94 7.91
4.76 5.53
4.32 5.10
5.38 6.49
6.31 6.86
6.77 7.35
0.76 1.59
0.65 1.28
0.59 1.04
4.51 5.16
2.32 3.01
3.70 6.28
1.50 1.53
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Table 4. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for an unchopped,
unfiltered tungsten-halogen source (mean of six trials).
OPTRONIC v TRACOR - 43W T-H LAMP
NO CHOPPING, NO FILTER
HAVE- MIAN MEAN PERCENT
LINQTH OPTRONIC TRACOR DEV.
(na) IRRADIANCE IRRADIANCE
(H./ea.~2) <H./o.A2>
380 3.313G4E-0B 3.2B32BE-0B 0.91622
3BS 3.69730E-08 3.61B70E-0B 2.12987
390 4.07827E-08 4.0426SE-OB 0.87340
395 4.94871E-0B 4.4B920E-0B 1.30828
100 3.006B1E-06 4.92S72E-0B 1.61999
405 9.48333E-0B 3.41222E-0B 1.30044
410 3.99035E-08 3.902B3E-08 1.46101
415 6.52S33E-08 6.44060E-0B 1.29846
420 7.08710E-08 6.96492E-08 1.72398
423 7.678B0E-0B 7.S274BE-06 1.97062
430 B.2S961E-0B 8.13128E-08 2.02817
439 8.93848E-0B B.7B710E-0B 1.6933B
440 9.61849E-08 9.42965E-08 1.96330
443 1.03140E-07 1.00977E-07 2.09714
450 1.10545E-07 1.07843E-07 2.44429
493 1.1826SE-07 1.16122E-07 1.81203
4G0 1.262B1E-07 1.23312E-07 1.67997
463 1.34626E-07 1.31958E-07 1.98179
470 1.432101-07 1.40130E-07 2.13070
473 1.31919E-07 1.4B842E-07 2.02342
460 1.62365E-07 1.58162E-07 2.58861
.463 1.71333E-'07 1.67088E-07 2.39248
490 1.79314E-07 1.7E72SE-07 1.35364
493 1.8953EE-07 1.BS732E-07 2.00701
900 1.96900E-07 1.9S6B2E-07 1.61730
303 2.0B551E-07 2.03267E-07 1.57468
910 2.1B922E-07 2.14636E-07 1.95686
313 Z.28674E-07 Z.24005E-07 2.04177
320 2.38924E-07 2.34722E-07 1.73872
929 2.49670E-07 2.44832E-07 1.93776
530 Z.60034E-07 2.SS322E-07 1.81962
333 2.70676E-07 2.6S629E-07 1.86607
340 2.80990E-07 2.76127E-07 1.73067
545 2.92608E-07 2.B7117E-07 1.87637
330 3.03374E-07 2.97B7SE-07 1.87730
355 3.148171-07 3.09233E-07 1.76738
360 3.26200E-07 3.20673E-07 1.69373
369 3.37376E-07 3.32340E-07 1.35106
370 3.4B901E-07 3.43815E-07 1.45772
373 3.61220E-07 3.35240E-07 1.65530
580 3.728891-07 3.66S37E-07 1.70345
363 3.B4116E-07 3.77720E-07 1.66512
390 3.95966E-07 3.891B0E-07 1.71379
393 4.07B81E-07 4.00747E-07 1.74904
600 4.19163E-07 4.12258E-07 1.65203
603 4.29913E-07 4.23590E-07 1.47076
610 4.39861E-07 4.34313E-07 1.26131
613 4.50794E-07 4.4484BE-07 1.31900
20 4.C1411E-07 4.3S678E-07 1.24250
623 4.71936E-07 4.66002E-07 1.25737
630 4.B2779E-07 4.7653BE-07 1.29272
635 4.928B4E-07 4.86967E-07 1.20049
640 3.03432E-07 4.9641SE-07 1.39383
643 3.14203E-07 5.07670E-07 1.27050
650 5.24E4BE-07 3.18373E-07 1.19604
653 S.33197E-07 S.287BBE-07 1.19751
660 3.4S563E-07 5.39467E-07 1.11774
663 3.56944E-07 5.49795E-07 1.28361
670 5.66648E-07 5.60408E-07 1.10121
673 5.77444E-07 5.7033BE-07 1.23059
660 3.87680E-07 S.B1108E-07 1.11830
683 3.96913E-07 5.90993E-07 0.99177
690 6.06040E-07 6.00930E-07 1.16604
695 6.17084E-07 6.11235E-07 0.94784
700 6.27716E-07 6.203221-07 1.17793
70S 6.37316E-07 6.30030E-07 1.17423
710 6. 466571-07 6.39147E-07 1.16136
713 6.96609E-07 6.48593E-07 1.22082
720 6.66Z85E-07 6.37703E-07 1.28773
723 6.74643E-07 6.669B3E-07 1.13342
730 6.64044E-07 6.73823E-07 1.20182
733 6.92154E-07 6.841581-07 1.15523
740 7.0072BE-07 6.923651-07 1.16493
745 7.09166E-07 7.00457E-07 1.22806
790 7.16181E-07 7.0B3B7E-07 1.08827
795 7.23S53E-07 7.1SBB7E-07 1.05976
760 7.31681E-07 7.23237E-07 1.15406
R.M. S. 1.99
MEAN * DEV. 1.34
54
Table 5. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for a chopped (30Hz),
unfiltered tungsten-halogen source (mean of six trials).
OPTRONIC v TRACOR - 45M T-H LAMP
30Hx, NO FILTER
WAVE MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
(SB) IRRADIANCE IRRADIANCE
(H./om.-2l (H./CO.-2I
380 1.67443E-08 1.59015E-08 5.03336
383 1.B4923E-08 1.77127E-0B 4.21581
390 2.03405E-0B 1.96350E-0B 3.46845
395 2.2S23SE-0B 2.19923E-08 2.33843
400 2.47617E-0B Z.40163E-0B 3.01030
405 2.71973E-0B 2.E3B10E-0B 3.00140
410 2.97347E-0B 2.B9105E-08 2.77184
415 3.272B3E-0B 3.140S3E-08 4.04177
420 3.54540E-08 3.387BSE-08 4.4437B
425 3.842BOE-08 3.666B2E-08 4.37947
430 4.15090E-08 3.3S73BE-0B 4.66212
435 4.47490E-08 4.27402E-08 4.48903
440 4.81840E-0B 4.57975E-0B 4.33289
445 3.16Z93E-0B 4.93937E-08 4.33010
430 S.S3488E-0B S.26443E-0B 4.88629
433 S.92202E-0B 9.6S678E-OB 4.47888
460 6.3166SE-08 6.06173E-08 4.03568
463 6.73615E-0B 6.471SBE-08 3.92761
470 7.1654OE-0B 6.84372E-0B 4.48935
475 7.59433E-08 7.27308E-08 4.20404
480 8.12670E-08 7.7S470E-O8 4.57751
483 8.S9690E-0B B.183S3E-0B 4.78510
490 9.04983E-08 8.6SS43E-06 4.35810
493 9.55933E-0B 9.10332E-0B 4.77031
300 1.002S3E-07 0.96199E-07 4.04377
305 1.05177E-07 1.00995E-07 3.97613
510 1.10352E-07 1.05533E-07 4.36693
515 1.153B0E-07 1.10233E-07 4.46092
520 1.20630E-07 1.1SB3BE-07 3.97248
525 1.2SBBSE-07 1.20773E-07 4.03926
530 1.3104SE-07 1.26162E-07 3.72619
535 1.3634SE-07 1.31370E-07 3.78996
540 1.41S77E-07 1.36305E-07 3.58231
345 1.47390E-07 1.41970E-07 3.67731
550 1.32313E-07 1.47593E-07 3.22722
555 I.S7767E-07 1.53493E-07 2.70906
360 1.63230E-07 1.59012E-07 2.58409
565 1.6B290E-07 1.65135E-07 1.87474
570 1.73347E-07 1.70908E-07 1.74709
573 1.80190E-07 1.76730E-07 1.92020
580 1.83760E-07 1.82412E-07 1.80232
585 1.91660E-07 1.87992E-07 1.91380
590 1.96930E-07 1.93762E-07 1.60869
595 2.03347E-07 1.99463E-07 1.91003
600 2. 084932-07 2.05293E-07 1.53576
60S 2.13B47E-07 2.11128E-07 1.27147
610 2.18B62E-07 2.16705E-07 0.9BSS6
615 2.24940E-07 2.22183E-07 1.22566
620 2.29327E-07 2.2774SE-07 0.66985
625 2.34723E-07 2.329B3E-07 0.74129
630 2.41227E-07 2.38112E-07 1.29132
635 2.43733E-07 2.43293E-07 0.99295
640 2.S10BSE-07 2.47927E-07 1.25774
64S 2.S6S93E-07 2.S3912E-07 1.044B4
6S0 Z.61037E-07 2.S9292E-07 0.67609
6SS 2.66160E-07 2.65148E-07 0.38023
660 2.71770E-07 2.70482E-07 0.47393
663 2.76770E-07 2.75B1SE-07 0.34305
670 2.82443E-07 2.81328E-07 0.39477
673 2.8B103E-07 2.B65BSE-07 0.32690
680 2.92430E-07 2.91967E-07 0.16313
683 2.96333E-07 2.97170E-07 0.28243
690 3.02485E-07 3.019S8E-07 0.17422
693 3.06B68E-07 3.07177E-07 0.09417
700 3.12003E-07 3.11932E-07 0.02276
70S 3.17110E-07 3.1713BE-07 0.00883
710 3.22990E-07 3.216001-07 0.43035
713 3.2764BE-07 3.2E722E-07 0.28262
720 3.31313E-07 3.31S40E-07 0.06791
729 3.33982E-07 3.33917E-07 0.01934
730 3.4136BE-07 3.40790E-07 0.16932
739 3.43082E-07 3.43433E-07 0.10171
740 3.49117E-07 3.49627E-07 0.14608
749 3.S3392E-07 3.S3962E-07 0.16129
790 3.37970E-07 3.3B190E-07 0.06143
733 3.61180E-07 3.6181SE-07 0.17SB1
760 3.6433BE-07 3.6S143E-07 0.16396
R.M. S. - 2.90
MEAN * DEV. 2.30
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Table 6. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for a chopped (60Hz),
unfiltered tungsten-halogen source (mean of six trials).
OPTRONIC vs TRACOR - 4SM T-H LAMP
60H, NO FILTER
WAVE MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
(na) IRRADIANCE IRRADIANCE
(W./ca.2) (H./oa.-2)
380 1.67417E-0B 1.60530E-0B 4.113EB
383 1.86033E-0B 1.7SB33E-08 5.4B231
390 2.04290E-0B 1.96033E-0B 4.041B1
393 2.2633BE-0B 2.1B2ESE-08 3.56679
400 2.4BB80E-08 2.42053E-OB 2.74309
405 2.7302SE-08 2.62B37E-08 3.73132
410 2.9862BE-0B 2.BB227E-0B 3.48292
413 3.2B30SE-0B 3.13422E-0B 4.S3329
420 3.S6227E-0B 3.39138E-08 4.79722
423 3.B38B3E-0B 3.67283E-0B 4.82011
430 4.16B50E-08 3.95727E-08 5.06729
435 4.49177E-0B 4.268881-08 4.96218
440 4.B3883E-0B 4.S8512E-08 5.24321
445 S.18072E-08 4.9296BE-0B 4.84566
450 S.35412E-0B S.24828E-08 5.30634
455 S.949S0E-08 S.66472E-0B 4.72236
460 6.33B20E-0B 6.07282E-08 4.18699
463 6.76203E-08 6.470B3E-0B 4.30640
470 7.1B693E-0B 6.86S33E-0B 4.47479
473 7.62772E-08 7.29328E-08 4.38453
480 9.1S453E-08 7.75445E-08 4.906Z3
483 8.6291SE-08 8.17943E-08 5.21164
490 9.0B040E-OB B.66S82E-0B 4.56566
495 9.S9067E-08 9.1121BE-0B 4.98912
500 1 . 00603E-07 0.96232E-07 4.34479
SOS 1.03S33E-07 1.01035E-07 4.24303
310 1.10743E-07 1.0S83BE-07 4.41284
31S 1.1S710E-07 1.10500E-07 4.30263
520 1.20943E-07 1.157B2E-07 4.26730
525 1.26312E-07 1.20867E-07 4.31076
530 1.314B7E-07 1.26222E-07 4.00420
535 1.36B87E-07 1.31577E-07 3.87911
540 1.42017E-07 1.36713E-07 3.73476
545 1.47B30E-07 1.422S5E-07 3.77122
530 1.33177E-07 1.48010E-07 3.37322
3S3 1.S8218E-07 1.53S92E-07 2.92381
360 1.63777E-07 1.39462E-07 2.63468
363 1.6B990E-07 1.6S345E-07 2.13693
370 1.74520E-07 1.71232E-07 1.BB403
S7S 1.B0782E-07 1 . 769B2E-07 2.10198
380 1.86S17E-07 1.826S0E-07 2.07327
38S 1.922B7E-07 1.88330E-07 2.03787
590 1.9B062E-07 1.93942E-07 2.08016
39S 2.03318E-07 1.9967BE-07 1.88337
600 2.09677E-07 2.05540E-07 1.97304
60S 2.149S2E-07 2.11363E-07 1.66967
610 2.19923E-07 2.16937E-07 1.33773
615 2.23092E-07 2.22397E-07 1.10844
620 2.30393E-07 2.27990E-07 1.04300
623 2.33300E-07 2.33193E-07 0.97962
630 2.41227E-07 2.38468E-07 1.14374
633 2.463S8E-07 2.43SS7E-07 1.13696
640 2.3187SE-07 2.48210E-07 1.45308
643 2.S7093E-07 2.34212E-07 1.12061
630 2.61990E-07 2.S9762E-07 0.83041
633 2.67397E-07 2.63447E-07 0.7292S
660 2.726BSE-07 2.709SOE-07 0.63626
665 2.78093E-07 2.76172E-07 0.6907B
670 2.82B33E-07 2.816S3E-07 0.41721
S7S 2.8B910E-07 2.B686BE-07 0.56913
680 2.93303E-07 2.92397E-07 0.30889
68S 2.978S2E-07 2.97340E-07 0.10473
690 3.02962E-07 3.02343E-07 0.20366
69S 3.07398E-07 3.07600E-07 0.00063
700 3.13623E-07 3.1240BE-07 0.3BB0S
705 3.1B573E-07 3.17S43E-07 0.32269
710 3.23630E-07 3.21972E-07 0.31847
713 3.28953E-07 3.27038E-07 0.38213
720 3.3346SE-07 3.32010E-07 0.43633
723 3.374B7E-07 3.36675E-07 0.24060
730 3.4201BE-07 3.41263E-07 0.22073
733 3.46407E-07 3.4S920E-07 0.14059
740 3.S0472E-07 3.S0415E-07 0.01627
743 3.S48SSE-07 3.S4417E-07 0.12343
730 3.58690E-07 3.SB333E-07 0.099S3
7SS 3.E1B9SE-07 3.62213E-07 0.0B787
760 3.6SB33E-07 3.6S66BE-07 0.04S63
R.M. 8. - 3.13
MEAN * DEV. - 2.S2
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Table 7. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for an unchopped and
filtered (blue) tungsten-halogen source (mean of six
trials) .
OPTRONIC TS TRACOR - 4SM T-H LAMP
NO CHOPPING, BLUE FILTER
HAVE- MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
(na) IRRADIANCE IRRADIANCE
(H./ca."Z) (H./ca.2>
380 3.034331-08 2.83B33E-08 7.0647
383 3.40307E-08 3.1ES4SE-06 7.0372
390 3.7S797E-08 3.56778E-08 S.0610
393 4.134171-08 3.92993E-08 4.9403
400 4.392401-08 4.334881-08 S.607S
405 S.01093E-0B 4.738S3E-08 5.4363
410 3. 437031-08 5.17Z3SE-0B 4.8648
41S S.873BBE-08 S.61968E-08 4.3276
420 6.311201-08 6.0SZ33E-08 4.1018
423 6.788271-08 E.33372E-0B 3.7499
430 7.229221-08 6.930381-08 3.8371
435 7.7010BE-08 7.40125E-08 3.8933
440 8.16162E-0B 7.86248Z-08 3.6632
445 8.609B3E-0B B.29792E-08 3.6227
4S0 9.01277E-08 8.612331-08 4.4430
43S 9.40S63E-0B 9.09Z38E-08 3.3283
460 9.740B8E-08 9.41632E-08 3.3319
463 9.899B7E-0B 9.63095E-08 2.7164
470 9.B1320E-08 9.57737E-08 2.3971
473 9.3737BE-0B 9.Z779BE-08 3.0897
480 9.01087E-08 B.81303E-08 2.1956
483 8. 231231-08 8.120BSE-08 1.3804
490 7.43727E-0B 7.326B7E-0B 1.4844
493 6.67353E-08 6.S8790E-0B 1.2834
300 6.02307E-08 5.99250E-08 0.3075
SOS 3.14733E-0B S.1B190E-0B 0.6716
510 4.19730E-08 4.2279BE-08 0.7310
SIS 3.38BS0E-0B 3.4B39SE-0B 2.8169
520 2.SB6B0E-0B 2.7294SE-08 5.S143
525 1.BB603E-08 2.04637E-0B B.S013
530 1 . 38305E-08 1.54968E-08 11.5640
335 1.11692E-0B 1.23462E-0B 1S.909B
540 1.03B4SE-08 1 . Z0Z65E-O8 15.8120
543 1.13247E-0B 1.280B8E-08 13.1030
350 Z.030SBE-08 1.S47Z8E-0B 23.8011
555 Z.0019SE-08 Z.0Z99SE-08 1.3487
560 Z.4Z3BZE-08 Z.46392E-0B 1.S706
565 2.S0365E-08 Z.59Z1BE-08 3.3360
570 2.19020E-0B Z.34185E-08 6.9240
575 1.60118E-0B 1.79Z4ZE-0B 11.9437
580 9.962181-09 1.Z2B17E-08 *
383 3. 426321-09 7.94700E-09 it
390 3.6Z605E-09 S.9S780E-09 *
39S 3.37955E-09 S.78733E-09 *
600 3.B1925E-09 6.2376BE-09 *
603 4.S16BSE-09 6.B1467E-09 *
610 3.033421-09 7.2B1S7E-09 *
615 3.418201-09 7.B6422E-09 *
620 S.63940E-09 8.303671-09 *
625 3.60938E-09 8.S1407E-09 *
630 3.10937E-09 8.3S733E-09
633 4.36B35E-09 8.14033E-09 *
640 4.32417E-09 8.269131-09 *
645 4.49623E-09 B.73042E-09 *
650 5.32768E-09 9.36740E-09 *
6SS 9.34725E-09 1.0B367E-08 #
660 1.05S9BE-08 1.4ZBZ5E-06 33.2535
665 1.73320E-08 Z.0S695E-08 18.6793
670 3.10010E-OB 3.25755E-0B 5.0789
67S S.6S967E-0B 3.4979BE-0B 2.8569
6B0 9.490B8E-0B 9.44763E-0B 0.4SSS
685 1.6474SE-07 1.SS39ZE-07 S.SSS9
690 2.47232E-07 Z.3S315E-07 4.8279
693 3.33030E-07 3.21397E-07 3.4330
700 4.1277BE-07 4.021B7E-07 2.5638
703 4.76768E-07 4.6933BE-07 1.SS84
710 S.26B92E-07 3.21ZBSE-07 1.0642
713 3.6S0B3E-07 3.S989ZE-07 0.9190
720 S.93163E-07 S.89322E-07 0.E13B
723 6.13303E-07 6.10777E-07 0.4443
730 6.29703E-07 6.28060E-07 0.2609
733 6.43193E-07 E.41760E-07 0.ZZZB
740 6.S3937E-07 6.S3373E-07 0.0839
743 6.63312E-07 6.E30SBE-07 0.0383
750 6.71233E-07 S.71333E-07 0.0417
755 6.7B728E-07 6.79S92E-07 0.1273
760 6.BS715E-07 6.87205E-07 0.2173
R.M. S. 7.91
MEAN X DEV. 4.94
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Table 8. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for a chopped (30Hz) and
filtered (blue) tungsten-halogen source (mean of six
trials) .
OPTRONIC vc TRACOR - 45W T-H
30Hx, BLUE FILTER
WAVE MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
<na) IRRADIANCE IRRADAINCE
<W./ca.Z) <H./ca.~2)
380 1.SZZ73E-08 1.3S275E-0B 10.5061
385 1.70S42E-0B 1.S39B5E-0B 9.70B5
390 1.BB237E-08 1.7S8E0E-0B 6.5752
395 2.05728E-0B 1.930121-08 6.1810
400 2.2B5E2E-0B 2.1101SE-0B 7. 771
405 Z.49225E-0B 2.32030E-08 .8994
410 2.728E7E-0B 2.5140SE-0B 7.8654
415 Z.97547E-08 2.7368SE-0B 8.0196
420 3.191Z5E-0B 2.9S213E-08 7.4930
425 3.44133E-08 3.17S6BE-0B 7.6903
430 3.E4178E-0B 3.3B830E-0B 6.9548
435 3.89215E-0B 3.5B9E2E-08 7.772B
440 4.11717E-08 3.80182E-0B 7.6594
443 4.33902E-08 4 . 03503E-08 7.0060
4S0 4.33S23E-08 4.19448E-0B 7.S134
455 4.73BS5E-0B 4.42332E-08 6.6S0Z
460 4.B9B37E-08 4.59032E-08 6.2888
465 4.98383E-0B 4.E7927E-08 6.1110
470 4.93478E-08 4.ES753E-08 S.E179
475 4.82638E-0B 4.5124SE-0B S.504S
480 4.54747E-0B 4.28E13E-0B 5.74E9
485 4.17073E-OB 3.94342E-0B 3.4022
490 3. 749021-08 3.55730E-08 S.1085
495 3.36380E-08 3.21317E-0B 4.47B0
500 3.03873E-0B Z.90720E-0B 4.3284
SOS 2.60Z9OE-0B 2.51432E-08 3.4031
310 Z.12140E-0B 2.063421-08 2.7514
SIS 1.71S70E-08 1.70125E-0B 0.8422
S20 1.69602E-0B 9.33Z54E-09 *
S2S 9.38363E-09 E.81915E-09 *
330 S.93417E-09 7.49493E-09 *
333 3.61EB8E-09 6.24090E-09 *
340 S.28943E-09 5.92495E-09 *
S4S 3.B2440E-09 6.11330E-09 *
S50 7.3E25SE-09 7.46870E-09 *
5S3 8.45718E-09 8.23BB8E-09 *
SSO 1.Z10B3E-0B 1.18958E-0B 1.75EE
SES 1.2S030E-0B 1.26862E-0B 1 . 4SSZ
370 1.09438E-08 1.15548E-0B 5.3S3B
37S B.04103E-09 B.75693E-09 *
380 4.839S8E-09 5.97335E-09 *
3BS 2.7E042E-09 3.B1705E-09 *
S90 1.B2B57E-09 2.87483E-09 *
S9S 1.70277E-09 Z.E03Z7E-09 *
00 1.BB937E-09 3.0104SE-09 *
EOS 2.2E4BSE-09 3.Z961ZE-09 *
10 2.SS20BE-09 3.SZ3Z5E-09 *
13 2.B0B72E-09 3.78610E-09 *
20 Z.B3B00E-O9 3.90902E-09 *
EZ3 2.901E2E-09 4.04E17E-09 *
30 2.E9B32E-09 3.9166SE-09 *
33 2.34403E-09 3.83307E-09 *
S40 2.21712E-09 4.07443E-09 *
E4S 2.37208E-09 4.04970E-09 *
50 2.E1S27E-09 4.S3890E-09 *
ESS 3.50480E-09 5.15963E-09 *
660 S.33118E-09 6.83070E-09 *
ESS B.E4745E-09 B.952B3E-09 *
E70 1.527S0E-08 1.S9093E-08 4.1525
B73 2.B36B3E-0B 2.6B078E-0B 5.5681
80 3.00012E-08 4.S96B2E-08 B.06S8
683 8.2E797E-08 7.ES223E-0B 7.4473
90 1.24072E-07 1.16110E-07 .4172
E95 1.68423E-07 1.59270E-07 S.4343
700 2.0B770E-07 1.999B3E-07 4.2089
70S 2.40330E-07 2.34043E-07 2.6160
710 2.63967E-07 2.60623E-07 Z.00B3
71S 2.B4472E-07 Z.B0310E-07 1.4631
7Z0 2.9B747I-07 Z.3S533E-07 1.0738
7ZS 3.09130E-07 3.06660E-07 0.7990
730 3.17042E-07 3.1584ZE-07 0.3783
735 3.23975E-07 3.ZZ89SE-07 0.3334
740 3.291B3E-07 3.2B762E-07 0.1218
749 3.34093E-07 3.33682E-07 0.1230
750 3.3B392E-07 3.37918E-07 0.1991
7SS 3.42142E-07 3.42212E-07 0.0Z0S
760 3.45928E-07 3.43928E-07 0.0000
R.M.S. - 3.33
MIAN k DEV. 4.76
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Table 9. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for a chopped (60Hz) and
filtered (blue) tungsten-halogen source (mean of six
trials) .
OPTRONIC va TRACOR - 4SH T-H LAMP
EOHx, BLUE FILTER
HAVE- MEAN MEAN PERCENT
LENGTH OPTROHIC TRACOR DEV.
<na) IRRADIANCE IRRADIANCE
(H./ea.*2) <H./ea.2)
380 1.319ZSE-0B 1.3B31BE-08 8.9364
385 1.70272E-0B 1.333731-08 8.7489
390 1.B7797E-0B 1.75300E-0B 6.S4B0
395 2.05105E-08 1.93867E-0B 5.4791
400 2.27978E-08 2.11390E-0B 7.0130
403 Z.4BB0SE-0B 2.3Z777E-0B 6.4420
410 2.7073BE-08 Z.51443E-0B 7.1337
413 Z.9EB1ZE-0B Z.7451BE-08 7.5112
420 3.174Z2E-0B Z.9593ZE-0B 6.7702
425 3.42722E-0B 3.1B467E-08 7.0772
430 3.E377BE-0B 3.3B22BE-0B 7.0Z3S
435 3.8E982E-08 3.60E23E-08 6.8114
440 4.10930E-OB 3.B4205E-08 6.3033
44S 4.33062E-0B 4.04370E-0B 6.6254
450 4.325B0E-0B 4.19415E-0B 7.3280
45S 4.73722E-0B 4.44240E-08 6.2235
4E0 4.89333E-08 4.S9BEBE-0B 6.0218
4E5 4.9B617E-0B 4.E8B0SE-08 3.9789
470 4.93063E-0B 4.EE7E3E-08 5.3336
475 4.B142SE-0B 4.5218SE-08 E.073E
480 4.S3SB0E-OB 4.301E3E-08 5.1E27
485 4.1711SE-0B 3.949971-08 3.3026
490 3.76310E-OB 3.S7B77E-08 4.89B4
493 3.37825E-0B 3.ZZS03E-08 4.S3SS
300 3.049381-08 2.914981-08 4. 4073
SOS 2.597E0E-08 2.SZ303E-0B 2.8707
S10 2.12102E-08 Z.07B48E-08 2.005E
SIS 1.719E0E-08 1.EB9O3E-0B 1.7777
320 1.30817E-08 1.324BSE-0B 1.2751
323 9.94934E-09 9.9S9B7E-09 *
530 E.9EB42E-09 7.9B41BE-09 *
535 9.6396SE-09 6.3B73BE-09 *
540 5.2296SE-09 3.B1997E-09 *
54S S.68792E-09 6.042731-09 *
550 7.27937E-09 7.S1097E-09 *
555 9.91997E-09 9.B9145E-09 *
560 1.212S3E-08 1.20BESE-OB 0.3216
365 1.ZSZ03E-0B 1.Z744SE-0B 1.7907
370 1.10390E-0B 1.1B777E-08 3.7839
37S B.07132E-09 B.87140E-09 *
580 4.89747E-09 E.0Z172E-09 *
585 2.72325E-09 3.90552E-09 *
590 1.7E000E-09 2.84205E-09 *
59S 1.E315SE-09 Z.7E127E-09 *
soo 1.90616E-09 2.97135E-09 *
03 2.2734SE-09 3.248S7E-09 *
10 2.49000E-09 3.43E12E-09 *
15 Z.69533E-09 3.7107BE-09 *
20 Z.B1698E-09 3.9E7E8E-09 *
EZS Z.B8197E-09 4.040E7E-09
30 Z.614B8E-09 3.BE40SE-09 *
33 2.2999BE-09 3.B0193E-09 *
40 2.1S910E-09 3.97E98E-09 *
643 2.22092E-09 4.4 22371-09 A
30 Z.625B7E-09 4.EE9Z3E-09 *
33 3.44108E-09 3.130601-09 A
660 S.33Z60E-09 S.78597E-09 A
663 8.S998SE-09 9.9E893E-09 A
70 1.51718E-08 1.E074SE-0B 3.9499
S73 2.79157E-08 Z.E9473E-0B 3.4S90
80 4.9984SE-0B 4.619031-08 .8433
EB3 B.20225E-08 7.S4B90E-0B 6.7463
E90 1.23247E-07 1.15970E-07 S.9044
695 1.67208E-07 1.S9512E-07 4.E027
700 2.0B003E-07 2.003SBE-07 3.6763
70S 2.40243E-07 2.3425BE-07 2.4920
710 Z.ES1Z7E-07 Z.E0945E-07 1.3774
713 Z.83E03E-07 Z.807Z8E-07 1.0137
7Z0 Z.98137E-07 Z.9E229E-07 0.6480
723 3.0790BE-07 3.06970E-07 0.3046
730 3.1E333E-07 3.161B0E-07 0.1178
733 3.23630E-07 3.23443E-07 0.0G40
740 3.29407E-07 3.Z9Z73E-07 0.0407
74S 3.33475E-07 3.3435BE-07 0.2E4B
730 3.380S0E-07 3.38430E-07 0.1183
7S3 3.41313E-07 3.42E08E-07 0.3794
7E0 3.4S140E-07 3.46268E-07 0.3268
R.M. S. S.10
MEAN k DEV. 4.32
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Table 10. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for an unchopped and
filtered (green) tungsten-halogen source (mean of six
trials) .
OPTRONIC v* TRACOR - 4SW T-H LAMP
NO CHOPPING, GREEN FILTER
HAVE- MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
(na) IRRADIANCE IRRADIANCE
(H./CB.-2) (H./ca."2)
380 0.4ES3BE-10 2.1426SE-10 A
3BS 0.00000E-10 S.0150BE-10 A
390 1.433131-10 1.99315E-10 A
393 0.20E20E-10 2.293381-10 A
400 1.E423SE-10 3.40810E-10 A
405 0.Z8S6BE-10 3.60225E-10 A
410 0.26443E-10 3.34413E-10 A
415 0.24SS5E-10 3.86B73E-10 A
420 0.7339BE-10 2.7923BE-10 A
425 1.27997E-10 2.80469E-10 A
430 1.438Z3E-10 2.47467E-10 A
433 Z.3767SE-10 3.11912E-10 A
440 2.69233E-10 E.1EE73E-10 A
443 S.034Z8E-10 2.40S65E-10 A
430 3.23985E-10 4.82900E-10 A
43S 4.0B735E-10 4. 147778-10 A
460 7.3B1E2E-10 6.33618E-10 A
465 1.64777E-09 1.3965SE-09 A
470 2.B990SE-09 2.55965E-09 A
475 4.87107E-09 4.23807E-09 A
480 7.E9193E-09 6.E017BE-09 A
4B5 1.1E310E-08 1.02738E-08 11. B2
490 1.71S33E-0B 1.4973BE-0B 12.71
49S 2.384131-08 2.11E73E-0B 11.22
500 3.1S770E-08 2.89720E-08 9.S2
505 3.9888SE-0B 3.6372SE-0B B.81
510 4.B2073E-0B 4.4S202E-0B 7.E5
515 3.39040E-08 5.1B62SE-08 7.23
520 6. 188271-08 S.B4220E-OB S.S9
S2S 6.56B53E-08 6.26275E-08 4.SE
530 E.70007E-08 6.42717E-08 4.07
333 E.5S5S2E-08 6.31432E-0B 3. 8
340 E.1S3S2E-0B S.94828E-08 3.34
545 S.SB418E-0B S.41267E-0B 3.07
550 4.88710E-0B 4.7368BE-0B 3.07
533 4.113SSE-08 4.00930E-OB Z.S3
360 3.3S022Z-0B 3.Z7472E-08 2.25
365 Z.E3427E-0B 2.S9662E-0B 1.43
370 2.02052E-08 1.98182E-0B 1.92
373 1.49445E-0B 1.45707E-08 2.50
380 1.0S58BE-0B 1.06240E-08 0.E2
5BS 7.39607E-09 7.4500SE-09 A
390 9.02275E-09 5.19655E-09 A
395 3.31993E-09 3.40778E-09 A
600 2.15S47E-09 2.33S47E-09 A
605 1.392BZE-09 1.64662E-09 A
610 2.689931-10 2.4B348E-10 A
E1S 3.BZ442E-10 3.23S92E-10 A
620 3.S4008E-10 S.88B4BE-10 A
6ZS 2.84345E-10 4.922171-10 A
630 1. 311321-10 3.61605E-10 A
633 4.70383E-10 E.E7E87E-10 A
640 4. 221181-10 3.199S0E-10 A
64S 3.1E783E-10 6.05S3BE-10 A
630 2.611S5E-10 6.36640E-10 A
63S 2.33407E-10 4.9515SE-10 A
660 0.82102E-10 5.90467E-10 A
665 1.10583E-10 4.BBSZ2E-10 A
670 0.19060E-10 E.85S47E-10 A
675 0.S9S65E-10 E.SS402E-10
A
680 0.19800E-10 7.01080E-10 A
EBS 1.0S820E-10 S.94999E-10 A
E90 0.69740E-10 4.80112E-10 A
93 0.Z303OE-1O 5.713E3E-10
A
700 0.43110E-10 3.29403E-10 A
70S 1.10108E-10 2.62303E-10 A
710 0.9033ZE-10 1.3726BE-10
A
71S 0.B430BE-1O 1.50650E-10 A
720 0.90120E-10 1.S3025E-10 A
7Z5 Z.14820E-10 1.69843E-10 A
730 1.20408E-10 1.80932E-10 A
73S 1.73473E-10 1.6E9B0E-10 A
740 1.36993E-10 1.70927E-10
A
743 0.68380E-10 1.92G03E-10 A
730 1.20160E-10 1.BBS3SE-10 A
73S 0.4B793E-10 1.78952E-10 A
7E0 0.30B30E-10 1.E1923E-10 A
R.M. 8. - E.49
MEAN k DEV. - 5.38
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Table 11. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for a chopped (30Hz) and
filtered (green) tungsten-halogen source (mean of six
trials) .
OPTRONIC vm TRACOR - 45H T-H LAMP
30Hi, GREEN FILTER
WAVE MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV .
(na) IRRADIANCE
(W./c.-Z)
IRRADIANCE
(W./ca.-2>
380 0.46S3BE-10 2.23093E-10 A
385 0.41693E-10 4.04S10E-10 A
390 O.OOOOOE-00 2.B3103E-10 A
395 O.OOOOOE-00 2.B6720E-10 A
400 1.3493BE-10 4.33333E-10 A
405 0.42BS3E-10 3.0909ZE-10 A
410 1.B5112E-10 S.ZZ548E-10 A
415 0.2455SE-10 1.9458BE-10 A
430 0.2299BE-10 3.Z7E9ZE-10 A
423 O.OOOOOE-OO 5.7123ZE-10 A
430 0.00000E-00 3.490ZZE-10 A
433 O.OOOOOE-00 1.7ZZ02E-10 *
440 O.OOOOOE-00 2.340B2E-10 A
44S 1.71623E-10 3.21302E-10 A
450 6.10595E-10 3.84333E-10 A
45S 1.76013E-10 4.05743E-10 A
4E0 3.93463E-10 4.9483BE-10 A
4ES B.21412E-10 3.70050E-10 A
470 1.4ZE40E-09 1.Z80BBE-09 A
475 2.404E2E-09 2.00813E-09 A
4B0 3.B3EE7E-09 3.40BS3E-09 A
485 3.83043E-09 S.09938E-09 A
490 8.3S985E-09 7.391E2E-09 A
495 1.17378E-0B 1.04320E-08 11. 12
500 1.37013E-0B 1.39360E-08 11. 24
SOS 1.97643E-08 1.78612E-0B 9. 63
S10 2.38947E-0B 2.19705E-0B B. OS
51S 2.77228E-0B 2.S3923E-0B B. 41
szo 3.06772E-08 2.83170E-0B 7. 04
323 3.2573SE-0B 3.07010E-08 3. 75
530 3.3213BE-0B 3.13693E-0B 3. 55
533 3.25333E-06 3.09320E-08 4. 98
540 3.03430E-OB 2.91190E-08 4. 66
545 2.7719BE-0B 2.6S38SE-08 4. 26
5S0 2.42290E-0B 2.3332BE-0B 3. 70
55S Z.0452SE-0B 1.97810E-0B 3. 28
SEO 1.-66703E-08 1.S0003E-0B 4. 02
SES 1.31303E-0B 1.27S0SE-0B 2. 89
570 8.43177E-09 9.172SSE-09 A
575 7.40B53E-09 7.1S297E-09 A
S80 3.27783E-09 5.23393E-09 A
S83 3.66760E-09 3.64053E-09 A
390 2.49604E-09 2.55205E-09 A
S9S 1.649S7E-09 1.62560E-09 A
E00 4.06S02E-10 4.06528E-10 A
EOS 6.81980E-10 B.21967E-10 A
E10 4.Z734SE-10 S.E599SE-10 A
13 Z.6S94ZE-10 S.77932E-10 A
E20 Z.16873E-10 S.03S0BE-10 A
623 S.B6B33E-10 2.1597SE-10 A
30 S.U700S-10 2.97SB8E-10 A
33 3.31220E-10 3.61348E-10 A
40 E.0B743E-10 2.2S967E-10 A
643 4.92413E-10 2.9637SE-10 A
650 1.683801-10 2.9661ZE-10 A
65S 1.7303SE-10 2.392131-10 A
660 O.OOOOOE-00 3.24S6SE-10 A
6ES 0.36B62E-10 3.34SS5E-10 *
70 0.13060E-10 3.16792E-10 A
73 0.7147BE-10 4.32123E-10 A
80 0.B9EZ3E-10 5.0369SE-10 A
EB3 0. 000001-00 5.0S395E-10 A
690 0.60442E-10 4.27002E-10 A
E9S 1.Z2067E-10 4.01483E-10 A
700 0.6S413E-10 S.00448E-1O A
70S 1.893871-10 S.S6672E-10 A
710 1.03033E-10 S.809S2E-10 A
713 1.2099BE-10 5.10E55E-10 A
720 0.84223E-10 E.2134BE-10 A
72S O.OOOOOE-00 3.S01E2E-10 A
730 D.21273E-10 4.3EB3BE-10 A
733 O.OOOOOE-00 7.32E90E-10 A
740 0.199S0E-10 E.01E27E-10 A
743 Z.OEZBSE-10 3.35808E-10 A
730 1.20160E-10 4.373S3E-10 A
7SS O.OOOOOE-00 7.0S78BE-10 A
760 O.OOOOOE-00 6.00822E-10 A
R.M.S.
MEAN k DEV.
6.86
- 6.31
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Table 12. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for a chopped (60Hz) and
filtered (green) tungsten-halogen source (mean of six
trials) .
OPTRONIC va TRACOR - T-H 43W LAMP
6OH1, GREEN FILTER
WAVE MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV ,
(na) IRRADIANCE
(H./OT.-2)
IRRADIANCE
(M./ea.'Z)
380 2.41S37E-10 4.03278E-10 A
383 1.417S7E-10 3.00313E-10 A
390 1.11962E-10 3.20817E-10 A
395 0.73643E-10 3.28003E-10 A
400 0.90793E-10 4.18952E-10 A
405 0.37137E-10 2.79373E-10 A
410 1.7717SE-10 3.B4300E-10 A
415 1.3S03BE-10 3.ES4E5E-10 A
420 1.46043E-10 3.01942E-10 A
425 0.44137E-10 5.0748SE-10 A
430 0.42177E-10 2.B7472E-10 A
433 1.6Z312E-10 2.41450E-10 A
440 1.3S23ZE-10 2.6089BE-10 A
445 Z.74977E-10 3.1S285E-10 A
450 6.36300E-10 3.62117E-10 A
455 3.14173E-10 3.11643X-10 A
460 3.20932E-10 4.06473E-10 A
465 7.85147E-10 7.021S0E-10 A
470 1.47947E-09 1.2B232E-09 A
475 2.43990E-09 2.0422BE-09 A
480 3.91110E-09 3.19025E-09 A
483 3.7B4S3E-09 5.04770E-09 A
490 8.44BB8E-09 7.3B233E-09 A
495 1.17290E-0B 1.0342SE-08 11. 82
500 1.S7743E-08 1.38968E-0B 11. 90
SOS 1.9B710E-08 1.7B9E7E-06 9. 94
S10 Z.40Z9BE-08 2.18748E-0B 8. 97
SIS Z.7B940E-0B 2.S3395E-0B 9. 03
szo 3.08110E-0B 2.84B83E-0B 7. 54
323 3.Z7297E-0B 3.051E2E-OB 6. 76
330 3.3429BE-08 3.14S82E-0B 3. 90
333 3.27197E-08 3.08973E-0B 3. 57
540 3.0E788E-0B 2.91033E-08 5. 14
545 2.78190E-08 Z.EEB75E-08 4. 07
550 2.43200E-0B 2.32820E-08 4. 27
555 2.05080E-08 1.97190E-08 3. 85
5E0 I.E7S08E-0B 1.E0S38E-08 4. 16
SES 1.31E12E-0B 1.Z8075E-08 2. 69
370 9.981B3E-09 9.E04S8E-09 A
373 7.37108E-09 7.34462E-09 A
SB0 S.26210E-09 3.227SSE-09 A
385 3.66228E-09 3.9S312E-09 A
590 2.3S1ZBE-09 2.S3233E-09 A
533 1.E97SZE-03 1.E9487E-09 A
600 1.037SOE-09 1.90797E-09 A
EOS E.EE007E-10 7.S0547E-10 A
610 4.1E013E-10 S.4001BE-10 A
E1S 2.38E9BE-10 3.B2982E-10 A
EZ0 1.484S7E-10 3.S6778E-10 A
E2S 7.03292E-10 4.S9E3BE-10 A
630 4.E7137E-10 4.E8110E-10 A
E3S 3.982S7E-10 3.20313E-10 A
40 3.07377E-10 2.7E917E-10 A
45 3.77S18E-10 4.B3S22E-10 A
ES0 1.31340E-10 3.S048SE-10 A
633 0.1730BE-10 3.606871-10 A
660 1.B7777E-10 4.007B3E-10 A
EES 0.3E8EZE-10 4.00287E-10 A
S70 1.B6800E-10 3.418631-10 A
75 0.39710E-10 3.36S20E-10 A
680 0.83370E-10 3.4213BE-10 A
6B5 0.67S4SE-10 5.01E97E-10 A
690 0.E9740E-10 4.E34E3E-10 A
695 0.9Z123E-10 3.EB2E3E-10 A
700 1.1277BE-10 5.SSS73E-10 A
705 0.BB087E-10 S.380S0E-10 A
710 1.07775E-10 7.E7S32E-10 A
715 0.97E45E-10 4.87E17E-10 A
720 0.75B02E-10 7.0SS12E-10 A
725 0.84242E-10 3.04793E-10 A
730 1.193S7E-10 3.01830E-10 A
733 1.14817E-10 E.72280E-10 A
740 1.24133E-10 S.66165E-10 A
74S 0.ES3B2E-10 3.92492E-10 A
730 1.39008E-10 4.54337E-10 A
733 1.21983E-10 4.07763E-10 A
7S0 1.32490E-10 6.B4260E-10 A
R.M. 8. - 7.33
MEAN k DEV. B.77
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Table 13. Absolute measurement comparison
and Tracor Northern radiometers for an
filtered (red) tungsten-halogen source
trials) .
of the Optronic
unchopped and
(mean of six
OPTRONIC va TRACOR - 45H T-H LAMP
NO CHOPPING, RED FILTER
WAVE MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV*t
(na) IRRADIANCE
(W./OT.-2)
IRRADIANCE
<H./ea.2)
3B0 0.93177E-10 4.7ZS13E-10 A
385 1.S9107E-10 4.64340E-10 A
390 0.74970E-10 4.S2397E-10 A
395 2. 048331-10 4. 537 881-10 A
400 0.61B43E-10 4.44032E-10 A
405 1.1S147E-10 4.233ZZE-10 A
410 0.S84Z7E-10 4.078BBE-10 A
415 0.69137E-10 4.18790E-10 A
420 0.695S0E-10 4. 193001-10 A
425 1.327B3E-10 4.S3297E-10 A
430 0.4Z230E-10 4.73617E-10 A
435 Z.1B093E-10 4.732B7E-10 A
440 1.496131-10 4.6B458E-10 A
44S 1.03Z57E-10 4.7B217E-10 A
450 0.55695E-10 S.4031SE-10 A
455 3.451B7E-10 4.90297E-10 A
460 3.E7918E-10 4.77B03E-10 A
465 0.333S3E-10 4.84622E-10 A
470 3.20353E-10 4.9071SE-10 A
475 O.OOOOOE-OO 4.8B7BOE-10 A
480 3.90407E-10 4.74S1SE-10 A
485 1.13342E-10 4.84B97E-10 A
490 2.82797E-10 4.86920E-10 A
495 4.28308E-10 4.889031-10 A
500 3.40260E-10 4.B7048E-10 A
SOS Z.03495E-10 4.90893E-10 A
510 1.38143E-10 3.0465SE-10 A
515 Z.14417E-10 3. 283831-10 A
520 3.8B43SE-10 4.92232E-10 A
323 O.OOOOOE-00 4.B2733E-10 A
330 3.21107E-10 4.B490SE-10 A
335 2.7B420E-10 4.B9163E-10 A
540 Z.S7343E-10 5.1997BE-10 A
54S 3.52133E-10 3.32S05E-10 A
550 3.3328BE-10 5.2B65BE-10 A
S55 2.21037E-09 5.7ES37E-09 A
560 2.3E3B0E-09 7. 636921-09 A
S6S 2.0S302E-08 2.Z0477E-08 7. 39
570 B.9139SE-08 8.40S47E-08 5, 70
575 1.89667E-07 1.84BB7E-07 Z. 32
580 2.65035E-07 Z.63810E-07 0. 4E
SBS 3.0B760E-07 3.0917BE-07 0. 14
590 3.34122E-07 3.33710E-07 0. 48
595 3.S25B0E-07 3.54243E-07 0. 47
600 3.67223E-07 3.69277E-07 0. SE
60S 3.79760E-07 3.8Z437E-07 0, 70
610 3.917B7E-07 3.949S7E-07 0. 81
61S 4.04458E-07 4.06877E-07 0. E0
620 4.16000E-07 4.18638E-07 0. 63
6ZS 4.267ZSE-07 4.Z970SE-07 0. 70
630 4. 379831-07 4.39977E-07 0. 45
633 4.4B175E-07 4.S0020E-07 0. 41
640 4.5B54.7E-07 4.60192E-07 0. 36
643 4.69185E-07 4.70153E-07 0. 21
650 4.8031BE-07 4.7994BE-07 0. 08
ESS 4.90603E-07 4.91057E-07 0. 09
660 3.01670E-07 5.01757E-07 0. 02
66S 5.11403E-07 5.11795E-07 0. 08
670 S.21812E-07 S.Z1BS3E-07 0, 01
675 5.31BB0E-07 5.3177BE-07 0, 02
680 S.40830E-07 3.41832E-07 0. 19
6BS 5.49773E-07 3.51937E-07 0. 39
690 3.S992SE-07 5.6070BE-07 0. 21
693 3.67738E-07 5.69967E-07 0, 39
700 S.77427E-07 S.7B767E-07 0. 23
705 S.87S23E-07 5.87048E-07 0..08
710 S.9399SE-07 5.943B7E-07 0. 27
715 6.05212E-07 6.03022E-07 0. 36
7Z0 6.13020E-07 6.11120E-07 0. 31
7Z5 6.21433E-07 6.18160E-07 0.,33
730 E.2B007E-07 6.Z5947E-07 0. 33
733 6.36705E-07 6.3313ZE-07 0. 36
740 E.44137E-07 E.4038ZE-07 0.,39
74S 6.51015E-07 S.47Z50E-07 0.,38
730 6.3783BE-07 6.33640E-07 0, 64
755 6.6S193E-07 S.60040E-07 0 .77
7E0 6.71772E-07 6.65BB7E-07 0..88
R.M.S. - 1.59
MIAN k DEV. 0.7E
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Table 14. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for a chopped (30Hz) and
filtered (red) tungsten-halogen source (mean of six
trials) .
OPTRONIC va TRACOR - 4SH T-H LAMP
30Hz, RED FILTER
WAVE MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
(na) IRRADIANCE IRRADIANCE
(H./ca.*2) <H./ca.*2>
380 0.93177E-10 2.17100E-10 A
383 1.423381-10 2.41067E-10 A
390 2.E2395S-10 2.136B7E-10 A
393 2.59482E-10 2.20732E-10 A
400 3.Z7782E-10 2.0B193E-10 A
40S 1.13147E-10 1.999871-10 A
410 0.33117E-10 Z.Z714SE-10 A
413 0.74073E-10 2.166431-10 A
420 1.39102E-10 Z.1S683E-10 A
425 0.E19E3E-10 2. 137201-10 A
430 1.689221-10 Z.Z401SE-10 A
435 2.03825E-10 Z.Z36B8E-10 A
440 2.12102E-10 Z.ZB8S0E-10 A
44S Z.67707E-10 Z.4B45BE-10 A
450 Z.04Z1SE-10 Z.32172E-10 A
4SS 1.EEB33E-10 Z.40948E-10 A
4E0 1.S9660E-10 Z.18385E-10 A
4S5 0.66707E-10 2.22703E-10 A
470 Z.BB497E-10 2.33S7BE-10 A
47S Z.S4S92E-10 2.43308E-10 A
480 4.S0470E-10 2.1B937E-10 A
485 4.21393E-10 2.18953E-10 A
490 4.Z419SE-10 2.32BB7E-10 A
495 3.17778E-10 2.36312E-10 A
500 0.00000E-00 2.323B7E-10 A
SOS 2.66883E-10 Z.30737E-10 A
310 2.31947E-10 Z.4S4S7E-10 A
SIS 3.0070SE-10 Z.S80Z8E-10 A
320 1.022B5E-10 2.43252E-10 A
323 0.9010SE-10 Z.33Z0SE-10 A
530 1.43B33E-10 Z.35490E-10 A
535 2.96417E-10 Z.36ZZ3E-10 A
540 2.37343E-10 2.S9928E-10 A
545 1.475B7E-10 2.SS537E-10 A
sso 3.0Z730E-10 2.66710E-10 A
5SS 1.33SZ0E-10 Z.94080E-10 A
5E0 1.1Z417E-09 3.BB670E-09 A
SE5 Z.6BB07E-09 2.52330E-09 A
570 4.34220E-08 4.100E0E-0B S.564
575 9.49955E-08 9.08293E-08 4.386
580 1.33723E-07 1.30300E-07 2.410
585 1.3SB83E-07 1.53115E-07 1.776
590 1.66925E-07 1.66323E-07 0.240
59S 1.76949E-07 1.73667E-07 0.609
00 1.B4042E-07 1.83472E-07 0.310
SOS 1.90383E-07 1.B9840E-07 0.285
E10 1.93922E-07 1.96482E-07 0.286
E1S 2.02673E-07 2.0Z84ZE-07 0.0B3
E20 2.08465E-07 Z.0B687E-07 0.106
S25 2.13743E-07 Z.14Z78E-07 0.250
630 2.1931BE-07 2.19227E-07 0.041
633 2.24797E-07 Z.Z4190E-07 0.270
640 2.3009SE-07 Z.29012E-07 0.471
645 2.33630E-07 2.34107E-07 0.646
650 2.40562E-07 2.39283E-07 0.331
655 2.4S413E-07 Z.4S197E-07 0.0B9
660 2.S1720E-07 Z.S0600E-07 0.445
665 2.372B0E-07 Z.SS743E-07 0.597
670 Z.61040E-07 Z.607B3E-07 0.09B
675 2.664401-07 Z.66112E-07 0.123
680 Z.70SZ0E-07 2.713BSE-07 0.320
685 2.75497E-07 Z.76300E-07 0.364
690 2.804871-07 Z.B08E0E-07 0.133
695 2.83047E-07 Z.8SE4BE-07 0.Z11
700 Z.B9643E-07 Z.9010BE-07 0.161
703 2.93093E-07 Z.944Z3E-07 0.226
710 2.98SSBE-07 Z.981ZBE-07 0.144
713 3.03733E-07 3.026801-07 0.347
720 3.0704SE-07 3.0EE80E-07 0.119
725 3.12043E-07 3.099471-07 0.672
730 3.15B1BE-07 3.143S3E-07 0.464
733 3.19397E-07 3.1B163E-07 0.386
740 3.22740E-07 3.ZZ06BE-07 0.Z08
743 3.26422E-07 3.23407E-07 0.311
730 3.30S9BE-07 3.2B700E-07 0.374
733 3.33S28E-07 3.32073E-07 0.436
760 3.37033E-07 3.34708E-07 0.E9O
R.M.S. 1.Z8
MEAN k DEV. 0.ES
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Table 15. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers for a chopped (60Hz) and
filtered (red) tungsten-halogen source (mean of six
trials) .
OPTRONIC va TRACOR - 4SH T-H LAMP
EOHz, RED FILTER
HAVE- MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV
(na) IRRADIANCE
(H./oa.Z)
IRRADIANCE
(H./ca.*2)
380 0.4E38BE-10 Z.54B83E-10 A
38S O.OOOOOE-00 2.S1187E-10 A
390 0.37485E-10 2.60245E-10 A
393 0.3414ZE-10 2.223421-10 A
400 0.9B953E-10 Z.39310E-10 A
403 0.4B3EZE-10 2.273421-10 A
410 0.Z6558E-10 Z.14E7BE-10 A
413 1.901Z8E-10 Z.1S775E-10 A
420 O.OOOOOE-00 Z.1771SE-10 A
425 0.61963E-10 2.1S1B8E-10 A
430 Z.95E13E-10 Z.ZS140E-10 A
433 1.4Z6B0E-10 Z.3134SE-10 A
440 1.379B5E-10 2.392931-10 A
445 0.3B243E-10 Z.37Z93E-10 A
450 0. 000001-00 Z.S67SOE-10 A
455 0.00000E-00 Z.39870E-10 A
4S0 1.38B3BE-10 Z.Z4337E-10 A
4E5 0.46693E-10 Z.40470E-10 A
470 1.60Z77E-10 Z.Z9913E-10 A
47S 1.55Z40E-10 Z.Z81E0E-10 A
480 1.63668E-10 Z.ZB007E-10 A
485 0.72E53E-10 Z.37018E-10 A
490 0.1E9E7E-10 2.47293E-10 A
495 0.74E08E-10 Z.45807E-10 A
500 0.71477E-10 Z.40Z78E-10 A
505 1.33442E-10 Z.48017E-10 A
510 O.OOOOOE-00 2.55163E-10 A
SIS 1.17667E-10 Z.64577E-10 A
520 O.OOOOOE-OO Z.59775E-10 A
52S 0.00000E-00 Z.49Z73E-10 A
530 O.OOOOOE-00 Z.350S7E-10 A
333 O.OOOOOE-00 2.64042E-10 A
540 O.OOOOOE-00 Z.63095E-10 A
54S 1.81247E-10 Z.7B577E-10 A
5S0 4.43E9ZE-10 Z.SZ700E-10 A
555 S.SEZ95E-10 2.96360E-10 A
5S0 1.10270E-09 3.807ZOE-09 A
SES 9.E15Z7E-09 1.095S3E-0B A
S70 4.31140E-0B 4.1095SE-08 4.8
S73 9.433Z2E-08 9.13B10E-0B 3. 13
380 1.33108E-07 1.30997E-07 1. 39
383 1.S5343E-07 1.5383ZE-07 0. 97
590 1.B72B3E-07 1.67108E-07 0. 09
59S 1.7B51BE-07 1.7S393E-07 0. 07
E00 1.B3BEBE-07 1.B4193E-07 0. IB
05 1.B98B0E-07 1.906S5E-07 0. 41
10 1.9S745E-07 1.9S958E-07 0. 2
El 5 2.0214BE-07 Z.03Z70E-07 0. 3E
E20 Z.0771ZE-07 2.09435E-07 0. 83
EZ5 Z.1313ZE-07 2.14S32E-07 0. 70
630 Z.18Z9SE-07 2.19843E-07 0. 71
ESS Z.Z3E90E-07 2.24S40E-07 0. 42
640 2.29EE8E-07 2.29810E-07 0. 0E
643 Z.34B37E-07 2.34795E-07 0. 03
6S0 Z.40410E-07 2.39967E-07 0, IB
ESS Z.4SZ4ZE-07 Z.45980E-07 0. 30
SE0 Z.50740E-07 Z.31ZZ7E-07 0. 19
SES Z.5S607E-07 Z.56S63E-07 0..37
670 Z.60S4ZE-07 Z.E1EZ0E-07 0.,41
673 Z.65645E-07 Z.6700SE-07 0. 31
680 Z.70100E-07 Z.7Z06SE-07 0,,73
683 Z.75337E-07 2.77Z03E-07 0, 68
E90 Z.79643E-07 2.B1630E-07 0,,71
93 2.84073E-07 2.86483E-07 0, 83
700 2.B8B27E-07 2.91135E-07 0,.81
703 Z.33537E-07 2.3S24BE-07 0,.58
710 Z.98Z77E-07 2.98B77E-07 0,.20
713 3.03137E-07 3.03413E-07 0 .09
720 3.066B9E-07 3.0737ZE-07 0..29
723 3.1107SE-07 3.1110BE-07 0 ,01
730 3.14748E-07 3.1534BE-07 0 .19
733 3.13007E-07 3.19403E-07 0 .12
740 3.22430E-07 3.Z3Z00E-07 0 .24
743 3.26077E-07 3.Z644ZE-07 0 .11
730 3.29273E-07 3.Z98E7E-07 0 .18
735 3.33Z82E-07 3.3317SE-07 0 .03
7E0 3.3S733I-07 3.33987E-07 0 .07
R.M. S. 1.04
MEAN k DEV. 0.59
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Table 16. Relative measurement comparison of the Optronic
and Tracor Northern radiometers for a blue screen of a
CRT, the Xerox monitor (mean of six trials).
OPTRONIC va TRACOR - XEROX HONITOR
BLUE SCREEN, (DATA NORMALIZED)
HAVE- MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
(na) IRRADIANCE IRRADIANCE
(H./ea.'Z) <H./ca."2>
380 7.7EZ8E-10 4.673631-10 A
385 13.19E1E-10 7.04138E-10 A
330 1.310BE-09 1.24B20E-03 A
395 1.7783E-09 1.778701-09 A
400 2.6499E-09 2.17ZS5E-09 A
403 3.3880E-09 Z.84ZSSE-09 A
410 4.Z4E4E-09 3.670621-09 A
413 S.3E13E-09 4.7S947E-09 A
420 6.6793E-09 6.060301-03 3.270
423 8.0786E-09 7.3S037E-09 9.014
430 S.0309E-09 8.4Z04SE-09 .739
433 9.897SE-09 9.380381-09 3.Z19
440 10.3770E-09 9.97Z38E-09 3.899
44S 1 . 03E8E-08 1.02393E-08 3.108
430 1. 04331-08 1.0435SE-08 0.000
453 10.0484E-09 9.78747E-09 2.397
4SO 9.34 42E-09 9.13170E-09 2.274
4ES B.37Z7E-09 8.ZZSB0E-09 4.04E
470 7.5036E-09 7.26393E-09 3.168
473 E.3ES1E-09 6.26173E-09 4.620
480 S.S1ZZE-09 S.Z5Z77E-09 4.707
4BS 4.5794E-09 4.3Z103E-09 A
490 3.77B9E-03 3.SZ603E-09 A
49S 3.0134E-09 Z.8004SE-09 A
300 Z.4611E-09 Z.19460E-09 A
303 1.8479E-09 1.7 3033E-09 A
310 1.43ZZE-09 1.3S7Z3E-09 A
SIS 11.2370E-10 9.5Z777E-10 A
szo 8.6434E-10 B.4370SE-10 A
323 6.67S4E-10 E.4SS33E-10 A
330 6.3791E-10 4.8B373E-10 A
53S 3.Z89BE-10 3.97108E-10 A
S40 3.4490E-10 3.E4Z0BE-10 A
S4S 3.331BE-10 Z.7S347E-10 A
550 Z.3Z35E-10 Z. 317501-10 A
555 0.8434E-10 2.14760E-10 A
5S0 1 . 3804E-10 1.B7Z3BE-10 A
SES 1.3Z38E-10 1.77B47E-10 A
S70 11.0321E-11 3.49Z05E-11 A
373 7.9924E-11 4.11343E-11 A
380 7.B921E-11 3.237B3E-11 A
383 3.4391E-11 4.59040E-11 A
590 3.7910E-11 S.774B7E-11 A
S9S 7.82S3E-11 Z.7Z0S8E-11 A
soo Z. 71861-11 5.S334ZE-11 A
SOS 2.8110E-11 S.510ZZE-11 A
E10 10.5254E-11 5.6SEB0E-11 A
E1S 8.1492E-11 6.49723E-U A
620 7. 09491-11 S.70074E-11 A
625 3.1411E-11 1.B1703E-11 A
630 6.0639E-U 4.447SSE-11 A
33 11.00371-11 4.41Z10E-11 A
40 3.9104E-11 3.70553E-11 A
E4S 3.3B2 2E-11 3.478E3E-11 A
50 1.7228E-11 4.18960E-11 A
ESS 5.42241-11 4.0Z7ZBE-11 A
SE0 2.9408E-11 4.E3543E-11 A
EES S.223SE-11 4.61313E-11 A
70 2.3264E-11 2.681471-11 A
E7S 2.3264E-11 3.444S3E-11 A
80 1.2719E-11 4.95Z7BE-11 A
83 4.48831-11 4.94973E-11 A
E90 1.7497E-11 4. 032481-11 A
93 2.293EE-11 4.B998BE-11 A
700 1.8333E-11 Z.7916BE-11 A
703 4.3960E-11 1.7379ZE-11 A
710 3.SS1EI-11 4.272B3E-11 A
713 Z.7636E-11 4.9376ZE-11 A
720 1.71321-11 Z.84S53E-11 A
7Z3 1.7136E-11 5.91623E-11 A
730 1.29B2E-11 4.1574BE-11 A
733 1.7627E-11 4.09380E-11 A
740 2.7034E-11 2.2131ZE-11 A
743 2.78Z0E-11 4.003S0E-11 A
750 1.7233E-11 3.16070E-11 A
7SS 2.4B13E-11 3. 882931-11 A
7E0 1.3510E-11 6.3Z17ZE-11 A
R.M. 3. S.1E
MIAN k DEV. 4.31
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Table 17. Relative measurement comparison of the Optronic
and Tracor Northern radiometers for a green screen of a
CRT, the Xerox monitor (mean of six trials).
OPTRONIC va TRACOR - XEROX MONITOR
GREEN SCREEN, (DATA NORMALIZED)
HAVE- MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
(na) IRRADIANCE IRRADIANCE
(W./ca.-2) (W./oa.*2)
380 4.4B1EE-11 4.04EZ8E-11 A
3B3 S.2193E-11 4.737EBE-11 A
390 0.B983E-11 4.11B3ZE-11 A
393 4.99EEE-11 4.BZ3B3E-11 A
400 3.7300E-11 4.3Z035E-11 A
403 2.S447E-11 4.4003SE-11 A
410 2.S4E5E-11 3.914731-11 A
413 6.798EE-11 E.49347E-11 A
420 6.0907E-11 B.00980E-11 A
423 6.90E7E-11 9.EB8ZZE-11 A
430 1.11E9E-10 1.4443ZE-10 A
435 1.2324E-10 1. 383101-10 A
440 1.2063E-10 Z.0977BE-10 A
445 1.63B2E-10 Z.37640E-10 A
450 1.9697E-10 Z.83408E-10 A
4SS 2.2609E-10 3.44EZ3E-10 A
4E0 4.E008E-10 4.3E8B0E-10 A
4ES 7.0442E-10 3.55793E-10 A
470 9.Z19ZE-10 8.ZSZS0E-10 A
47S 1.3S18E-09 1.1993ZE-09 A
480 1.9091E-09 1.770Z3E-09 A
4B5 Z.7EZ1E-09 Z.3Z9B3E-09 A
430 3.B0SBE-09 3.5SZ4SE-09 A
495 5.0100E-09 4.70373E-09 A
500 E.Z7SEE-09 S.9089SE-09 5.84
SOS 7.S6E5E-09 7.1BS43E-09 5.02
510 8.70Z3E-09 B.39772E-09 3.50
51S 9.EZ3ZE-09 9.E0S10E-09 0.19
520 1.0389E-0B 1.0441SE-0B 0.S1
525 1.063ZE-08 1.06323E-08 0.00
330 1.0607E-08 1.0504ZE-08 0.97
533 1.0310E-08 1.047SBE-08 0.33
540 1.03Z1E-08 1.0Z377E-08 0.81
545 0.98S0E-0B 1.0O777E-0B 2.31
550 9.3221E-09 9.44618E-09 1.33
555 B.6376E-09 8.73Z1SE-09 1.79
5E0 7.7208E-09 7.94308E-09 2. 88
SES E.7E39E-09 7.03003E-09 3.34
370 3.3038E-09 5.79700E-09 5.33
S7S 4.5S40E-09 4.69S58E-09 A
580 3.B8E3E-09 4.01410E-09 A
583 2.9906E-09 3.14038E-09 A
S90 2.EE16E-09 Z.6108BE-09 A
393 2.2310E-09 Z.3Z190E-09 A
soo 1.B171E-09 1.B710SE-09 A
SOS 1.4243E-09 1.SZ847E-09 A
E10 0.9024E-09 1.267B8E-09 A
SIS 3.1909E-10 9.5Z4B8E-10 A
szo Z.0Z3SE-10 B.33317E-10 A
szs l.ZBEBE-10 7.B376ZE-10 A
630 0.3373E-10 E.842S5E-10 A
E3S 0.32461-10 4.3B775E-10 A
E40 1.0964E-10 3.S0442E-10 A
45 1.46E0E-1O 1.3933SE-10 A
50 11.Z1Z3E-11 B.SB427E-11 A
ESS B.9594E-11 S.17420E-11 A
EE0 7.7346E-11 Z.ZS030E-11 A
665 3.76BZE-11 1.89503E-11 A
70 4.1300E-11 1.97977E-11 A
75 2.91S8E-11 1.9B1EBE-11 A
80 3.0106E-11 1.78137E-11 A
85 3.4148E-11 1.SZ568E-11 A
E90 1.6790E-11 1.60013E-11 A
95 Z.4396E-11 1.37337E-11 A
700 E.1E34E-11 1.S4Z9BE-11 A
703 7.4ZZZE-11 4.9BS93E-11 A
710 l.SSEBE-11 Z.04018E-11 A
713 4.0884E-11 1.60792E-11 A
7Z0 1.5Z07E-11 1.4338SE-11 A
723 1.9Z67E-11 1.43747E-11 A
730 1.0Z43E-11 2.43603E-11 A
733 Z.Z94BE-11 4.75B3SE-11 A
740 1.0673E-11 3.188381-11 A
743 1.8657E-11 Z.730ZZE-11 A
730 3.31671-11 3.28S85E-11 A
73S 1.1747E-11 3.15600E-11 A
760 3.E71ZE-11 3.04015E-11 A
R.M.B. 3.01
MEAN k DEV. 2.32
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Table 18. Relative measurement comparison of the Optronic
and Tracor Northern radiometers for the red screen of a
CRT, the Xerox monitor (mean of six trials).
OPTRONIC va TRACOR - XEROX MONITOR
RED SCREEN, (DATA NORMALIZED)
HAVE- MEAN HEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
(na) IRRADIANCE IRRADIANCE
(H./ca.*Z> (H./oa.*Z)
380 13.E993E-11 4.0B7B0E-11 A
3B3 21.0973E-11 Z.0Z272E-11 A
390 Z1.38Z6E-11 3.37967E-11 A
393 Z0.1BSZE-11 2.9EB80E-11 A
400 14.9331E-11 4.23377E-11 A
403 ZZ.0Z81E-11 3.68BB0E-11 A
410 ZZ.3019E-11 3.09427E-11 A
413 Z1.S971E-11 6.22080E-11 A
420 Z7.7033E-11 S.7B902E-11 A
4Z5 34.3640E-11 3.144471-11 A
430 33.370SE-11 4.34393E-11 A
435 3.017ZE-10 1.ZS837E-10 A
440 3.20B9E-10 1.473ZZE-10 A
445 3.3760E-10 2.93743E-10 A
450 7.2226E-10 2.113S7E-10 A
45S 5.3178E-10 3.74073X-10 A
4E0 S.10S1E-10 4.24917E-10 A
4ES E.172EE-10 2.S0910E-10 A
470 3.0616E-10 3.B6263E-10 A
47S 4.6346E-10 2.6E100E-10 A
4B0 E.0BS9E-10 4.04243E-10 A
485 4.9330E-10 3.Z7Z30E-10 A
490 1.81B9E-10 3.39040E-10 A
495 3.2EB7E-10 4.4S053E-10 A
300 B.6494E-10 Z.34463E-10 A
sos 3.0958E-10 4.80773E-10 A
S10 E.0B78E-10 Z.04947E-10 A
SIS 32.41S3E-11 8.4779BE-11 A
szo E.Z3SZE-10 1.7B4EZE-10 A
323 5.SS53E-10 1.EE933E-10 A
330 1.0007E-10 Z.37467E-10 A
533 3.2425E-10 2.99167E-10 A
340 1.3144E-09 3.09S1SE-09 A
345 2.E549E-10 S.B47Z0E-10 A
550 5.994BE-10 Z.46BE7E-10 A
SS5 E.9934E-10 9.0E343E-10 A
SE0 B.1274E-10 Z.03ZB3E-10 A
SES 1.9333E-10 4.47783E-10 A
S70 1.3949E-10 3.3S947E-10 A
575 8.2432E-10 2.16642E-10 A
S80 6.9407E-10 2.60537E-10 A
SB5 0.7205E-09 Z.314B3E-09 A
590 B.1673E-09 7.Z7B3BE-09 10.88
59S 0.4BZ9E-09 2.13B03E-09 A
E00 3.8SZ1E-10 7.B4990E-10 A
05 4.86491-10 B.Z4098E-10 A
E10 0.771ZE-09 1.33777E-09 A
15 3.11431-09 3.76748E-09 A
EZ0 Z.Z430E-09 3.943901-09 A
EZ5 Z.337BE-06 Z.33777E-0B 0.00
30 4.S407E-09 1.01647E-08 A
35 0.7B64E-09 Z.16937E-09 A
E40 2.13841-10 S.47975E-10 A
E4S 2.02491-10 4.54BZ0E-10 A
50 3.03311-10 3.72358E-10 A
55 Z.4399E-10 4.8657SE-10 A
660 1.963ZE-10 4.53603E-10 A
665 S.8178E-10 Z.5160ZE-10 A
670 2.37201-10 Z.1907BE-10 A
675 3. 30181-10 4.S51ZBE-10 A
680 6.604ZE-10 Z.0B3B3E-10 A
685 7.473ZE-10 3.1949SE-10 A
690 3.7836E-10 4.808Z7E-10 A
695 6.71301-10 4.686201-10 A
700 0. 42661-09 9.804301-09 A
705 Z.41SSE-0B 2.41033E-08 0.Z1
*10 0.S3Z9E-09 5.63SB8E-09 A
715 2.7ZB8E-10 7.4B140E-10 A
7Z0 5.53031-10 3.7698ZE-10 A
7ZS 1.7335E-10 3.S639SE-10 A
730 3.B95BE-10 1.4407ZE-10 A
733 Z.3490E-10 4.09483E-10 A
740 Z.13SSE-10 4.34317E-10 A
743 3.04BZE-10 6.36677E-10 A
730 1.7031E-10 E.7490ZE-10 A
733 2.4691E-10 4.3B390E-10 A
7E0 Z.1434E-10 3.6Z6S0E-10 A
R.M.S. S.ZB
MEAN k DEV. 3.70
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Table 19. Absolute measurement comparison of the Optronic
and Tracor Northern radiometers of a xenon flash (mean of
six trials ) .
OPTRONIC va TRACOR
XENON FLASH
HAVE- MEAN MEAN PERCENT
LENGTH OPTRONIC TRACOR DEV.
(na) IRRADIANCE IRRADIANCE
1:h./cb.-z> 1:H./oa.-2)
380 0. 08305E-0B 0, 0614ZE-0B 26.0445
383 0, , 4E8ZSE-08 0. S8010E-0B 1B.BZ54
390 0,,962331-08 0.,9SZ79E-0B 3.0696
395 1, 396701-08 1. 33631E-0B 4.3094
400 1..359B9E-0B 1. 34430E-0B 0.9994
405 1.. 56Z94E-0B 1. 35164E-08 0.7230
410 1,.S4Z76E-0B 1, S3133E-0B 0.7409
415 1,.5905ZE-0B 1. 5E090E-08 1.B6Z3
420 1,7Z677E-0B 1. EB0E9E-0B Z.66B6
423 1,.78586E-08 1, 7577BE-08 1.S7Z4
430 1,.70657E-0B 1. 67489E-08 1.B564
433 1,.71015E-0B 1,,73049E-08 1.1894
440 1,,841891-08 1. 8Z484E-0B 0.9257
445 1,.83947E-08 1..B1770E-0B 1.1835
450 1,, 97Z15E-08 1. 97431E-0B 0.1095
455 1,.91079E-0B 1..9ZZ71E-08 0.6238
4E0 z,.1B400E-08 z. 168431-08 0.71Z9
4E5 2 .136871-08 z..1SS34E-08 0.0709
470 z,,133821-08 2. 14147E-08 0.3585
47S 1,, 90B74I-08 1..B941BE-08 0.7628
480 1,.9E081E-08 1. 93341E-08 1.3974
485 2 .14978E-0B z.,142421-08 0.3424
490 1,, 76847E-08 1. 81B5BE-08 2.8333
49S 1 .7Z979E-0B 1. 74339E-0B 0.7978
300 1, , 6132ZE-0B 1. 630061-08 0.9188
SOS 1,.590S6E-0B 1, 64011E-08 3.1282
310 1,.633Z1E-08 1. 6B000E-0B 2.8649
SIS 1,.37496E-08 1,, 618B3E-08 2.7833
szo 1,.E3E67E-08 1, 70612E-0B 4.2434
323 1..68304E-08 1, 7 32911-08 2.8409
330 1,.99E70E-08 2. 0717ZE-08 3.7372
533 1 . 79118E-08 1. B1190I-0B 1.1S68
540 1..7B071E-08 1, 756Z6Z-08 1.3730
545 1 , 68127E-0B 1,,70Z16E-08 1.Z4ZS
5S0 1 , E3Z5EE-08 1, 67469E-08 1.3331
533 1 , 33763E-08 1, 3B387E-0B 1.6833
360 1..637931-08 1, 628761-08 0.3399
SES 1 .641211-08 1, 61437Z-0B 1.6232
570 1., 61997E-08 1, 61903E-08 0.0368
37S 1 .S6417E-08 1., 60761E-08 Z.777Z
380 1..58721E-0B 1, 37S88E-08 0.7138
383 1 .340981-08 1,.S5971E-0B 1.2133
390 1..4B77OE-0B 1 51330E-O8 1.7208
39S 1 .4E4Z4E-08 1,.4803SE-08 1.1002
00 1,.4Z40ZE-0B 1,.4Z33SE-08 0.0334
EOS 1 .437Z7E-08 1,, 440B8E-08 0.2312
E10 1 .46929E-08 1,30247E-08 2.2382
E1S 1., 37914E-0B 1,,351291-08 2.0194
620 1..36170E-0B 1,,34482E-08 1.2396
6Z5 1 .291B8E-08 1,.2B34SE-08 0.ES2S
S30 1..24643E-08 1, 34693E-08 8.0630
ESS 1 .ZB33ZE-08 1,, 3025SE-OB 1.4969
40 1,, 21060E-08 1,.Z4077E-0B 2.4921
45 1 .1833ZE-08 1,, Z0737E-0B 2.0324
50 1..Z1B0SE-0B 1.,ZZ3B7E-08 0.6420
ESS 1 .15309E-O6 1..1693BE-08 1.4127
EE0 1,.17583E-OB 1,, 19033E-08 1.2332
SES 1 1EE54E-0B 1..17BS4E-08 1.0115
70 1,.19119E-0B 1,, 20626E-08 1.2631
E7S 1..1436EE-08 1 , 16484E-08 1.8520
80 1.19137E-0B 1,.Z0ZZ1E-08 0.8929
85 1 . 29133E-08 1 ,313031-08 1.B3S3
90 1,.Z6E72E-08 1,.Z914ZE-08 1.9499
95 1 11724E-08 1 .12101 E-08 0.3374
700 1,, 16462E-0B 1 .Z74Z7E-0B 9.41S1
705 1 .07331E-OB 1 , 07B9BE-0B 0.SZB3
710 1..1S60SE-0B 1 . 14006E-08 1.3813
713 1 . 19460E-08 1 .Z084ZE-08 1.1569
7Z0 1 .09509E-0B 1 , 08310E-0B 1.0949
7Z3 1 . 0EE02E-08 1 .071ZEE-0B 0.491S
730 1..1743ZE-0B 1 .1B609E-0B 1.0023
733 1 .ZB31BE-0B 1 .Z7676E-0B 0.5003
740 1 .13770E-08 1 .1335BE-0B 0.3621
745 1 .09770E-OB 1 .10847E-08 0.9811
730 1 .07397E-0B 1 . 09174E-08 1.4E57
735 1 .04616E-08 1 . 1426BE-0B 9.2261
7E0 1 . 10891E-08 1 .10ZS7E-0B 0.S717
R.M. S. - 1.53
MEAN k DEV. - 1.S0
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DISCUSSION
Once physical problems have been overcome, such as
securing the two radiometers to the optical bench,
insuring their proper alignment with respect to each
other and taking proper care and attention when working
in close proximity to the instruments, the necessity for
being able to place the source in the proper alignment
and orientation with respect to the input slit must be
addressed. In this investigation great care was taken to
follow the alignment and orientation procedures outlined
in the technical handout supplied by Optronic
17
Laboratories Inc. , not only for the 45 watt
tungsten-halogen lamp standard of spectral irradiance,
but for all sources. This attention to the physical set
up of the instruments and sources was essential in order
to virtually eliminate errors which could be caused by
improper alignment and orientation procedures.
Another source of error can be the the power supply
used to supply current to the lamp, in this case the 45
watt standard of spectral irradiance used to calibrate
the two radiometers and the G.E. quartzline lamp used to
take the initial measurements. The current for these two
sources should be set at precisely 6.50 amperes dc . The
current was supplied by the Hewlett Packard Power Supply
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627A in this investigation and fluctuated from 6.50
amperes dc by plus-or-minus 0.01 amperes dc , a maximum of
0.15 percent error in the current setting. As all
measurements taken were within in the visible spectrum
(380 nm to 760 nm) , the uncertainty due to a 0.15 percent
current setting error should be a maximum of 1
17
percent. In the case of the CRT (Xerox monitor) and the
xenon flash, any current fluctuations were unable to be
monitored and therefore the uncertainty in these two
cases was set arbitrarily at the same value as for the
Hewlett Packard power supply, 1 percent.
The assigned values of total irradiance for the 45
watt tungsten-halogen standard of spectral irradiance
have estimated uncertainties of plus-or-minus 2
17
percent . This was therefore the lowest percentage of
uncertainty that could be assigned to the G.E. quartzline
lamp used as the source for the first set of readings.
Estimates of uncertainties for the CRT and xenon flash
were also set at plus-or-minus 2 percent arbitrarily as
there was no data available on the uncertainties of
irradiance values for these two sources.
According to the technical handout on the Optronic
7
740A-D radiometer , this instrument has a stability of
plus-or-minus two percent. In order to establish an
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acceptable limit of uncertainty, this value was used for
any measurements taken with both the Optronic and Tracor
Northern radiometers.
With both radiometers being set up on an optical
bench in a darkroom with all surfaces painted flat black,
any errors due to stray light were considered to be
negligible. This, combined with the attention payed to
the physical setup of the radiometers and the sources,
left only the errors caused by the uncertainty of the
current supplied by the Hewlett Packard power supply and
the errors inherent in the stability of the radiometers
and sources tested. These errors; plus-or-minus two
percent for the instrument, plus-or-minus two percent for
the source and plus-or-minus one percent for the power
supply; combined to form an aggregate uncertainty of
plus-or-minus 5 percent (a mean percent deviation between
instruments of 10 percent). This was the maximum level of
deviation chosen and any larger deviations between
Optronic and Tracor Northern radiometric measurements
would be considered significant.
One other point, and the reason all measurements
were taken at an exposure time of 0.20513 seconds with
the Tracor Northern, is that measurements taken with a
different exposure time other than that used to calibrate
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the instrument will result in erroneous readings. It was
found that the maximum exposure time the Tracor Northern
could accept without saturating the diode array, when
1 7
calibrating with the standard of spectral irradiance at
50 cm from the entrance slit, was 0.20513 seconds. This
relationship is not linear but could possibly be overcome
by applying some mathematical formula which would allow
usage of one calibration file for different measurements
made over different exposure times.
The first set of measurements taken utilized the
G.E. 45 watt tungsten-halogen lamp as the source with no
filtering. The lamp was used first as a continuous source
and then chopped with the aid of an optical chopper at
frequencies of 30 Hz and 60 Hz. As can be seen by
refering to tables 4,5 and 6, the maximum mean percent
deviation for any of these readings was 2.52 percent
(table 6: 60 Hz, no filter). This was well within the
boundaries set previously.
The next set of measurements to be taken utilized
the same G.E. 45 watt tungsten-halogen lamp and a blue
filter. The source was used as a continuous source and
then chopped with the optical chopper at 30 Hz and 60 Hz.
During these measurements it quickly became apparent that
there was quite a significant deviation in measurements
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2
once the irradiance levels dropped below 1.00E-08 W/cm.
With further investigation it became apparent that the
noise level in the diode array of the Tracor Northern
radiometer was becoming a significant factor once the
irradiance level of the source dropped into the 10E-09
2
W/cm range. This was also observed when the wavelength
calibrations were compared for both instruments (figure
15, page 22). Here the noise level of the Tracor Northern
shows up quite clearly while the same calibration plot
shows very little noise associated with the Optronic
measurements. Because of this problem it was decided to
2
ignore any irradiance values below 1.00E-08 W/cm and
even then many of the measurements with irradiance values
2
in the 1.00E-08 to 3.00E-08 W/cm range remain
questionable. This value was decided upon after an
analysis of the results showed that any measurements
2
below 1.00E-08 W/cm were very unreliable because of the
noise level of the diode array. The increase in the noise
level from that of Table 1 (page 33) where no source was
employed confirms the assumption that the addition of a
source increases the noise (cross-talk) inherent in a
diode array. The results of the trials using the 45W lamp
and the blue filter can be found in Tables 7, 8 and 9.
2
Any irradiance measurement below 1.00E-08 W/cm has been
ignored. The highest mean percent deviation value here
was when the source was unchopped (4.94%). This was well
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within the limits previously set.
A green filter was the next filter used in
conjunction with the G.E. 45 watt tungsten-halogen lamp
for the next set of trials. Any irradiance values below
21.00E-08 W/cm were ignored here also. Tables 10, 11 and
12 show that the mean percent deviation for all three
trials are within the limits set previously with the
highest mean percent deviation occuring when the source
was chopped at 60 Hz. (6.77%). The green filter used for
these trials resulted in quite a sharp peak in all three
trials (Appendix B-14, B-16 and B-18) and to some degree
the percentage of deviation between the Optronic and
Tracor Northern radiometers can be attributed to the fact
that the Tracor Northern data was interpolated from its
original 1.2329 nm data to 5 nm data using the
Newton-Gregory forward polynomial program. As this
program interpolates using two points on each side of the
value wanted, any sources which produce sharp peaks will
end up with a value somewhat lower than the real value at
the peak. In this case using the interpolation program
was considered acceptable as the values fell within the
limits set and the peaks were not as pronounced as those
of the wavelength calibration.
The last set of measurements taken utilizing the
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G.E. 45 watt tungsten-halogen lamp and the optical
chopper utilized a red filter. Again any values below
21.00E-08 W/cm were ignored. The largest mean percent
deviation occured here when the filtered source was
unchopped (table 13: 0.76%). All three trials with the
red filter resulted in very low mean percent deviations
as well as R.M.S. errors (tables 13, 14 and 15). This
further substantiated the previous assumption that the
noise in the Tracor Northern radiometer's diode array
seriously affected measurements at low intensity. As the
red filter allows more of the energy of the source to
pass through than either the blue or green filters, it
would be expected that the deviations in the irradiance
values of the two radiometers would decrease and this
proved to be the case (see Appendix B-8 to B-25).
The next set of measurements employed a Xerox color
monitor. Three sets of readings were taken using the
blue, green and red phosphors only resulting in three
separate sources utilizing a totally blue, green and red
screen respectively. As previously mentioned, it became
apparent very early in these readings that there was some
problem with the values being recorded. With no entrance
optics and an arbitrary placement of the source at 50 cm
from the entrance slits of each radiometer, absolute
measurement of this source would result in the
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discrepancies seen between the data recorded by the two
instruments. Accordingly, once the measurements taken
with the Tracor Northern were normalized with those taken
by the Optronic, the relative measurements paralleled
each other much more closely. This was considered to be
an acceptable solution because many measurements of CRTs
are concerned with the colorimetric values. The mean
percent deviation between the two instruments after the
data was normalized reached a maximum of 4.51 percent for
the blue screen (table 16) and were somewhat lower for
the green and red screens (tables 17 and 18). The
accepted value of irradiance measurements was changed for
the Xerox monitor. Measurements where the irradiance
2
value was above 5.00E-09 W/cm were accepted in this
case. If the same value as used for the 45 watt
tungsten-halogen lamp had been applied to these
measurements, the trial with the blue screen would have
had only two significant measurements, one of them the
normalized value. Even with this change, the mean percent
deviation between the Optronic and Tracor Northern fell
well within the limits previously set. As the two
radiometers used in this investigation had no way of
displaying exactly what area of the screen was being
measured, irradiance values utilizing these two
instruments in their present configuration are
questionable. There are methods available to accomplish
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this and they will be covered at a later point. The
chromaticity coordinates have also been calculated and
are included in Appendix D.
The last set of measurements taken used a xenon
flash as a source. This was an extremely intense source
which had to be masked. Even after masking and leaving
only a small aperture in the mask, this flash still had a
very high intensity and could not be measured at 50 cm.
from the Tracor Northern's entrance slit without
saturating the diodes. For this reason the source was set
at 135 cm. from both radiometers' entrance slits while
measurements were taken. The resulting comparison of the
data from the two radiometers showed a mean percent
deviation of 1.50 percent (table 19), well within the
acceptable limits previously set.
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CONCLUSION
Based on the results obtained while comparing the
Optronic 730A radiometer and the Tracor Northern TN-1710
radiometer, there appears to be no reason to doubt the
validity of any measurements taken with diode array
radiometers as long as the limitations of the instrument
used are known.
During the experimental part of this investigation
it was observed that when a calibration file which had
been taken at a certain exposure time was used on
measurement data from a source where a different exposure
time was used, a significant error could be induced. This
was further proved by using one calibration file
(exposure time of 0.20513 seconds) to calibrate the data
from a source where the only variable changed was the
exposure time (0.02513, 0.06513, 0.12513 and 0.20513
seconds). The deviation in measurements reached
approximately 90 percent at certain points. The deviation
increased at each decrease in exposure time from 0.20513
seconds, reaching its maximum when the exposure time was
decreased to 0.02513 seconds. This led to the conclusion
that the exposure time of the calibration measurement
(using the standard of spectral irradiance) and of any
measurements made on any other sources would have to
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utilize the same exposure time unless a correction was
employed.
As has been previously stated, care must be taken
when measuring sources of very low irradiance values
where diode noise can take over and result in erroneous
readings. This proved to be the most serious problem when
measuring the different sources used in this
investigation, not whether the source was a continuous,
pulsed or flash source.
The problem with taking measurements at low
intensity with the Tracor Northern first appeared when
the source was filtered, especially with the blue and
green filters. Chopping with the optical chopper appeared
to have little effect on the results. The blue, green and
red filters used in this investigation reduced the
intensity of the lamp and hence the resulting irradiance
values to such a low level that the noise inherent in
diode arrays became a significant factor. This led to the
imposition of a minimum irradiance value below which any
value was ignored. The same problem was encountered with
the CRT (Xenon monitor) . Here the intensity of the screen
was of such a low level that significant readings were
extremely difficult to obtain. The xenon flash posed no
such problems as the intensity of this source was more
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than adequate. Therefore, with the present configuration
of the Tracor Northern radiometer the lowest value of
irradiance that should be accepted for any measurement
taken with this instrument is 1.00E-08 W/cm2. This value
was chosen after an analysis of the measurement data
revealed that data below this level of irradiance had a
very low signal-to-noise ratio and was therefore very
unreliable. Figure 19 (page 35) shows the usable digital
count as the exposure time is increased. As can be seen
by this plot, increasing the exposure time for low level
sources rapidly decreases the usable digital count
available and therefore is not really the answer to
measuring these sources. One method of improving the
level of irradiance measurements that could be accepted
would be to supercool the diode array, possibly with a
nitrogen jacket of some sort, and thus reduce the
inherent noise level of the diode array.
One source of error that could be eliminated,
especially when measuring sources which have sharp peaks
(such as a mercury lamp), is the error caused by
implementation of the interpolation program utilized in
this investigation. In order to reduce the amount of data
to be collected in this investigation, the Tracor
Northern data was interpolated from 1.2329 nm to 5 nm
increments. Another consideration is that 5 nm wavelength
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increments is the accepted standard at this time.
Notwithstanding these two reasons, the Optronic
radiometer should be set to measure at 1.2 nm increments
instead of interpolating the Tracor Northern 1.2329 nm
data whenever measuring sources which have very sharp
changes in values of irradiance within a short wavelength
increment. This procedure was followed for the wavelength
and bandwidth calibration of the Optronic radiometer
where the source used was a mercury lamp. An example of
the problem that can be encountered when using an
interpolation program such as the Newton-Gregory forward
polynomial program can be seen in Appendix B-33. This
graph depicts Optronic versus Tracor Northern data from
the measurements made of the Xerox color monitor while
measuring the red phosphors. The red phosphors of this
CRT result in extremely spiked peaks. At approximately
610 nm the peak shown by the Optronic data has been
virtually eliminated by the interpolation program when it
was applied against the Tracor Northern 1.2329 nm data.
Measurements taken using the Xerox monitor proved to
be very unsatisfactory as there is no way of knowing what
area of the screen is being measured. Even though the
aperture acceptance angle was known, the curvature of the
screen and the fact that intensity levels fall off
21
considerably towards the outer edges of the screen
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added still other problems. Masking of the screen in
order to simulate a point source is of no use as the
intensity of the screen is so low that masking only adds
to the problem. Using the CRT as a broad source overfills
the detectors and the only time either of these two
instruments should be used to measure a broad source such
as a CRT in their present configuration, unless the
source is of such an intensity as to allow masking in
order to imitate a point source, is to make relative
measurements, not absolute measurements. Any irradiance
values obtained when doing measurements without knowing
exactly what area of the screen is being measured would
be of questionable value.
The xenon flash used in this investigation was a
very steady, repeatable flash and comparison between the
measurements taken with the Optronic and Tracor Northern
radiometers had a mean percent deviation of less than two
percent. This flash had a pulse width of one millisecond.
Flashes of shorter duration could prove to be a problem,
again because of a diminished intensity value.
There are several areas which came to light during
this investigation that could be further investigation.
The inherent diode noise problem of diode arrays could
probably be somewhat diminished by using some form of
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supercooling device on the array. The use of such a
device may lead to other problems, such as humidity in
the room freezing to the array, but if this would bring
down the noise level in the diodes then sources of much
less intensity (below 1.00E-08 W/cm2 ) could be measured.
In literature supplied by Tracor Northern on cooling the
DARSS detector, it is stated that by passing cool air
across the cooling fins of the Peltier cooler "the
achievable minimum temperature of the detector element
28
can be reduced by about 7 degrees C"
"
. There are also
methods mentioned in this technical handout which involve
liquid heat exchange to further cool the detector.
Another area that deserves investigation is the
possibility of calibrating with the source of spectral
irradiance at different distances from the input slit,
for example 25 cm or 100 cm. This would allow more
latitude in the area of exposure times, especially when
long exposure times are required to measure sources of
very low intensity. Combined with some further cooling of
the detector, this could lead to a substantial increase
in the capability of the Tracor Northern to measure these
low intensity sources.
The xenon flash used in this investigation brought
up the question of flashes with shorter pulse widths. The
shorter pulse width and hence the lower intensity could
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cause the same problems experienced with the CRT. There
was also some question as to the very high percent
deviation seen in the 380 to 395 nm range (see page 68,
table 19). This could be as a result of low intensity at
this part of the spectrum or it could also be a result of
flare in the spectrograph in the ultraviolet.
The measurement of CRTs such as the Xerox color
monitor also warrants further investigation. As neither
of these radiometers have any entrance optics in their
present configuration, perhaps the addition of some form
of input optics would enhance the measurement of these
devices. Two such devices that could be used are an
integrating sphere or a telescopic lens. K. Kinameri and
M. Nonaka have outlined one method they have used for the
29
spectroradiometric measurement of a CRT utilizing an
integrating sphere. Two problems they encountered were
the light pulses generated by the vertical synchronizing
signal of the television itself and the parameters which
determine the luminance and color of a phosphor screen.
It is the conclusion of this investigation that
diode array radiometers, such as the Tracor Northern
TN-1710, show no appreciable difference in the accuracy
of measuring pulsed radiation sources when compared to
conventional radiometers, in this case the Optronic 730A,
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as long as the intensity of these sources is of a larger
magnitude than that of the inherent diode array noise and
the exposure time of the diode array is the same as that
of the calibration exposure time (this last statement
warrants further investigation). The comparison of the
measurements taken with both the Optronic and Tracor
Northern radiometers has supported this conclusion. Even
with the evidence supporting the accuracy of diode array
radiometry though, there still appears to be
investigation required in the area of measurement of low
intensity sources.
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APPENDIX A
This appendix contains the computer programs which
were used to transfer the data from the Tracor Northern
radiometer to the Rainbow computer (TRA3), convert this
data from the Tracor Northern format to the Optronic
format (CONVRT), calibrate the data received and convert
it from digital counts to irradiance values (TRACAL), and
interpolate the Tracor Northern irradiance data from
1.2329 nm to 5 nm data (INTERP). The interpolation
program is based on the Newton-Gregory forward polynomial
15
program.
A- 2
DATA TRANSFER PROGRAM: Tracor Northern to Rainbow
10 CLS
12 R$=CHR$(13)
20 OPEN"coml: 1 200 , n , 8 , 1 ,csO ,ds0 ,cd0 AS #1
21 CLS
22 PRINT " AA AA AAAA A A A A A AA AA AAA AA AAA AA A AA AAAAA A"
23 PRINT " * WELCOME TO TRACOR COMMUNICATIONS
*"
24 PRINT " AAA AAAAA AAAA AAAAAA A AAA AAAAA A AAA AAAA
A"
26 PRINT " -: PRINT " ": PRINT" ": PRINT" ": PRINT" "
27 PRINT "ENTER <CTRL-Q> , THEN T TO TRANSFER DATA (0 TO QUIT)"
29 PRINT" "
30 IF LOC(1)<>0 GOTO 90
40 ST$=INKEY$
50 IF LEN(ST$)=0 GOTO 30
55 IF ST$="T" GOTO 900
57 IF ST$*"Q" THEN STOP
60 IF ST$=CHRS(3) THEN STOP
69 PRINT ST$;
70 PRINT #1, ST$;
80 GOTO 30
90 S$=INPUT$(LOC(l) ,11)
100 PRINT S$;
110 GOTO 30
900 INPUT " ENTER FILENAME FOR DATA:
"
; F$
910 OPEN F$ FOR OUTPUT AS #2
919 PRINT #1, "O 5 0";R$
920 FOR X=l TO 1000
921 NEXT X
940 S$=INPUT$(LOC(l),#l)
950 PRINT S$;
960 PRINT #2,S$;
965 FOR X=l TO 500
966 NEXT
970 IF LOC(1)<>0 GOTO 940
998 CLOSE #2
999 GOTO 21
A- 3
CONVERSION PROGRAM: Tracor Northern to Optronic data
format
10 DIM DAT(512)
11 DIM IN$(56)
12 REM 28-OCT-1986
20 REM PROGRAM TO CONVERT TRACOR DATA TO OPTRONICS FORMAT
25 CLS
27 PRINT " A AAA A* A AAAAA AAA A AAAAA* AAAA A* AAA AAAAAA* A A AAAA AAA A
28 PRINT " * CONVERSION OF TRACOR DATA TO OPTRONIC FORMAT *"
29 PRINT " AAAAA AA AAAAA A AAAAA AAAAAA A AAAA AAA AAA* AAAA AAA AAA*
30 PRINT " ": PRINT " ": PRINT" ": PRINT" ": PRINT" "
32 INPUT "ENTER FILENAME FOR TRACOR DATA (Q TO QUIT): ",F$
35 IF F$="0" THEN STOP
40 OPEN FS FOR INPUT AS # 1
42 FOR K = 1 TO 53
43 IN$(K) = INPUT$(1,#1)
45 NEXT K
46 ET$ = IN$(46)+IN$(47)+IN$(48)+IN$(49)+IN$(50)+IN$(51)+IN$(52)+IN$(53)
47 ET = VAL(ET$)
50 INPUT #1, J1,J2,J3,J4,J5,J6,J7
60 FOR I = 1 TO 505 STEP 8
70 INPUT #1, CRAP,DAT(I) ,DAT(I + 1) , DAT( 1+2 ) ,DAT( 1+3) , DAT( 1+4 ) ,DAT( 1+ 5) ,DAT(I+6) ,D
AT(I+7)
80 NEXT I
8 5 CLOSE #1
90 INPUT "ENTER FILENAME FOR OPTRONICS FORMAT DATA: " ,G$
95 PRINT " "
100 OPEN G$ FOR OUTPUT AS #2
110 PRINT #2, ET
120 PRINT #2, 240.8,870.8,1.2329
130 FOR I = 1 TO 512
140 PRINT #2, DAT(I)
150 NEXT I
160 CLOSE #2
170 GOTO 32
A- 4
CALIBRATION PROGRAM: Calibration and digital count to
irradiance values program
10 REM PROGRAM TO CALIBRATE TRACOR 5NM DATA TO SPECTRAL IRRADIANCE
20 REM CURRENTLY USES OPTRONICS 45 WATT STD (L-376)
30 DIM STD(600), CAL(600), TST(600), IRR(600)
40 CLS
41 PRINT " ***AAAAAA*AAAAA****AAAAAAAAAAAAAAAAAA*******A*AAAA**A*AAA*A
42 PRINT " * CALIBRATION OF TRACOR 1.2NM DATA TO SPECTRAL IRRADIANCE *"
43 PRINT " A A* A A AAA AAA AAAAA AAAA A* AAAAA A A AAA AAAAA AA A A AAAAA AAA A A* A AAA A *AI
44 PRINT " "
45 PRINT " PROGRAM CURRENTLY REQUIRES 240-870 NM (1.2329 NM INCR) DATA"
46 PRINT " ": PRINT" ": PRINT" "
50 INPUT "ENTER FILENAME FOR MEASURED DATA OF STANDARD (L-376) ";F$
60 OPEN F$ FOR INPUT AS # 1
70 PRINT
80 INPUT "ENTER FILENAME FOR TEST SOURCE RAW DATA (Q TO OUIT) " ;G$
90 IF G$="0" THEN STOP
100 OPEN GS FOR INPUT AS #2
120 INPUT "ENTER FILENAME FOR CALIBRATED (1.2329 NM) IRRADIANCE DATA ";H$
130 OPEN H$ FOR OUTPUT AS #3
135 OPEN "STD.1NM" FOR INPUT AS #4
140 INPUT #1, ETS
150 INPUT #2, ETT
155 INPUT #4, S$
160 INPUT #1, A,B,C
170 INPUT #2, A2,B2,C2
175 INPUT #4, A3,B3,C3
177 PRINT " RELAX! ! ! ==> I AM WORKING
180 FOR X=l TO 512
190 INPUT #1, STD(X)
200 INPUT #2, TST(X)
210 INPUT #4, CAL(X)
220 NEXT X
230 CLOSE #2
240 CLOSE 14
250 FOR X=l TO 512
260 IRR(X) = ETS*(CAL(X)/STD(X))*(TST(X)/ETT)
270 NEXT X
280 PRINT #3, H$
290 PRINT #3, 240.8,870.8,1.2329
300 FOR X = 1 TO 512
310 PRINT #3, IRR(X)
320 NEXT X
335 CLOSE #3
336 CLOSE *1
340 GOTO 60
A-5
INTERPOLATION PROGRAM: Interpolation of 1.2329 nm data
to 5 nm data
10 REM PROGRAM TO INTERPOLATE TRACOR DATA IN OPTRONICS PORMAT
11 REM TO 380,760,5 OPTRONICS DATA
20 DIM IN(600)
21 DIM AUT(IOO)
22 DIM D(10)
25 CLS
26 PRINT " AAAA AAA AAAA A A A AAA AAAAA A AAAAA AAAAA* AAAA AAAA AAA A AAAA AAAAAAAAA A AAA
27 PRINT " * INTERPOLATION OP TRACOR DATA (380-760NM) TO 5NM INCREMENTS *"
28 PRINT " A A A* A AAAAA A AAAA AAA AAA AAA AAA AAAAA AAA AAA AAA AAAA AAAA AAA****** AAAAH
29 PRINT " ": PRINT" ": PRINT" ": PRINT" ": PRINT" "
30 PRINT
31 INPUT "ENTER FILENAME FOR INPUT 1.2 NM DATA (0 TO QUIT) ";FS
35 IF FS="On THEN STOP
40 OPEN FS FOR INPUT AS #1
60 INPUT "ENTER FILENAME FOR INTERPOLATED (5NM) IRRADIANCE DATA ";G$
70 OPEN GS FOR OUTPUT AS #2
80 INPUT #1, ET
90 INPUT #1, START
92 INPUT #1, 2ND
94 INPUT #1, INC
100 N=512
110 FOR X=l TO N
120 INPUT #1, IN(X)
130 NEXT X
140 CLOSE #1
145 PRINT " RELAX !!! ==> I'M WORKING"
150 FOR X=l TO 77
160 WL = 380 + (5*(X-D)
170 GOSUB 800
180 AUT(X) = YOUT
190 NEXT X
200 PRINT #2,ET
210 PRINT #2,380,760,5
220 FOR X = 1 TO 77
230 PRINT #2,AUT(X)
240 NEXT X
250 CLOSE #2
260 GOTO 30
800 REM INTERRPOLATING SUBROUTINE
802 REM NEWTON-GREGORY METHOD
809 REM M IS THE ORDER OF THE POLYNOMIAL
810 M=3
820 FM = M+l
830 J - (WL-START)/INC - FM/2 + 2
840 IF WL<(START+FM/2*INC) THEN J=l
850 IF WL>(ZND-FM/2*INC) THEN J=N-M
855 J = INTC J)
860 FJ = J
870 XO * START+(FJ-1)*INC
880 YO IN(J)
890 FOR Z=l TO M
900 DCZ) = IN(J+1) - IN(J)
910 J = J+l
920 NEXT Z
930 IF M=l GOTO 1100
940 FOR A=2 TO M
950 FOR B=A TO M
960 K = M-B+A
970 D(K) = D(K) - D(K-l)
980 NEXT B
990 NEXT A
1100 S (WL-XO)/INC
1110 YOUT - YO
1120 FZ - S
1130 DEN 1
1140 FOR Z - 1 TO M
1150 FI - Z
1160 YOUT YOUT + FZ/DEN*D(Z)
1170 FZ - FZ*(S-FI)
1180 DEN = DEN*(FI+1)
1190 NEXT Z
1200 RETURN
B-l
APPENDIX B
This appendix contains the spectroradiometric curves
and tables of data for the sources evaluated in this
study. Each graph depicts the Optronic spectroradiometric
data plotted against the spectroradiometric data of the
Tracor Northern from 380 nm to 760 nm. The Optronic data
is shown as a solid (S) line and the Tracor Northern data
is shown as a broken line (B). The tables give the mean
2
irradiance in W./cm of six trials over a three day
period, and the standard deviation of these six trials,
for each source using both the Optronic and Tracor
Northern Radiometer. The last two columns of each table
show the combined mean irradiance and the combined
standard deviation of the Optronic and Tracor Northern
radiometers .
B-2
SOURCE: 45W tungsten-halogen lamp (no chopping, no filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
7.32E-07 T
3.2BE-08
418.000 494.000 570.000 646.000 782.000
Wavelength (nm) 00Hz. No Filter
B-3
SOURCE: 45W tungsten-halogen lamp (no chopping, no filter)
OPTRONIC us TRACOR - 45N T-H LAMP
NO CHOPPINQ, NO FILTER
WAVE- MEAN
LENGTH OPTRONIC
(nm) IRRADIANCE
(W./OB.-2)
STANDARD MEAN STANDARD
DEVIATION TRACOR DEVIATION
IRRADIANCE
(W./cm. "2)
COMBINED COMBINED
MEAN STANDARD
(U./on.~2) DEVIATION
380
385
390
395
400
405
410
419
420
425
430
435
440
445
450
455
460
465
470
475
480
485
490
495
300
SOS
510
515
520
52S
S30
535
540
545
550
555
560
S65
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
643
650
655
660
665
670
675
680
685
690
695
700
70S
710
715
720
725
730
733
740
745
730
735
760
3.31358E-08 0
3.69727E-08 0
4.07822E-08 0
4.S4867E-08 0
5.00677E-08 0
S.48348E-08 0
5.99030E-08 0
6.52S28E-08 0
7.0870SE-08 0
7.67875E-08 0
8.29960E-0B 0
8.93842E-08 0
9.61848E-08 0
1.03137E-07 0
1.10S40E-07 0
1.16260E-07 0
1.2627SE-07 0
1.34622E-07 0
1.43203E-07 0
1.51913E-07 0
1.62362E-07 0
1.71530E-07 0
1.79S08E-07 0
1.89528E-07 0
1.98698E-07 0
2.08S45E-07 0
2.18918E-07 0
2.28668E-07 0
2.38918E-07 0
2.49667E-07 0
2.60048E-07 0
2.70672E-07 0
2.80983E-07 0
2.92603E-07 0
3.03568E-07 0
3.14812E-07 0
3.2619SE-07 0
3.37570E-07 0
3.48897E-07 0
3.6121SE-07 0
3.72887E-07 0
3.84110E-07 0
3.95962E-07 0
4.07872E-07 0
4.19180E-07 0
4.29908E-07 0
4.398S5E-07 0
4.50790E-07 0
4.61407E-07 0
4.71930E-07 0
4.82772E-07 0
4.92877E-07 0
S.03428E-07 0
S.14197E-07 0
S.24643E-07 0
5.3S190E-07 0
5.45360E-07 0
3.56940E-07 0
S.66642E-07 0
5.77437E-07 0
S.87673E-07 0
S.96907E-07 0
6.08032E-07 0
6.17080E-07 0
6.27712E-07 0
6.37512E-07 0
6.46653E-07 0
6.56603E-07 0
6.662BSE-07 0
6.74640E-07 0
6.84038E-07 0
6.92150E-07 0
7.00722E-07 0
7.09163E-07 0
7.16177E-07 0
7.23530E-07 0
7.31673E-07 0
.0332149
.0301336
.0429619
.0484924
.0613925
.0498852
.0561330
.0590327
.0593818
.0618229
.0621474
.0706913
.0728409
.0077267
.0089282
.0100425
.0104389
.0093450
.0094146
.0111865
.0108859
.0096175
.0131337
.0174387
.0138642
.0169637
. 0157994
.0187817
.0204316
.0183364
.0202442
.0238164
.0210007
.0222089
.0223704
.0227873
.0235133
.0234097
.0278694
.0305303
.0273352
.0303939
.0290460
.0328315
.0316033
.0340073
.0268143
.0315234
.0316438
.0351271
.0371987
.0384153
.0420985
.0411825
.0400317
.0411820
.0423815
.0458455
.0433134
.0460809
.0320988
.0545363
.0520125
.0461729
.0495847
.0449720
.0445784
.0491519
.0480948
.0533000
.0340303
.0560550
.0602532
.0640517
.0642017
. 0628699
.0706763
3 .28328E-0B 0 .0319636 3..29843E-08 0 .021425
3,.61870E-0B 0 .0124406 3,.65798E-08 0 ,035353
4 .04263E-0B 0 .0165124 4 .06074E-08 0 ,023149
4..48920E-0B 0 .0233345 4, S1890E-08 0 .042049
4 .92572E-08 0 .0235186 4 .96624E-08 0 .057311
3,.41222E-08 0 ,0287199 3. 44785E-08 0 .050393
3 .902B3E-08 0 .0412498 3 .94657E-08 0 ,061848
6..44060E-08 0 .0460518 6 .48294E-08 0 .059880
6 .96492E-0B 0 .0479887 7 .02598E-08 0 .086361
7,52748E-08 0 .0254253 7,60312E-08 0 ,106962
8 .13128E-08 0 .0327117 8 .21544E-08 0 ,119017
8, 78710E-08 0 .0186677 a, B6276E-08 0 ,106997
9 .42963E-08 0 .0348442 9 .52407E-08 0 ,133525
1,00977E-07 0 .0035758 l, 02057E-07 0 ,013274
1,.07843E-07 0 .0050098 l..09192E-07 0 .019068
1, 16122E-07 0 .0054142 i, 17191E-07 0.,015120
1,.23912E-07 0 .0058465 l,.2S093E-07 0 ,016711
1. 31958E-07 0..0049220 l. 33290E-07 0,,018833
1,.40130E-07 0 .0046182 l,,41667E-07 0 .021732
1. 48842E-07 0.,0053663 l, 3037BE-07 0,,021720
1,.S8162E-07 0 .0032724 l. 60262E-07 0 .029699
1. 67088E-07 0..0052167 l. 69309E-07 0,.031407
1,.76723E-07 0 ,0068716 l,.78117E-07 0,,019681
1. 85732E-07 0,.0073106 l. B7630E-07 0,,026846
1, 93682E-07 0 .0063461 i, 97290E-07 0 ,022743
2. 0S267E-07 0..0070245 2. 06904E-07 0,,023181
2,.14638E-07 0 .0057853 2,16778E-07 0.,030264
2, 24005E-07 0..0064252 2. 26337E-07 0,,032975
2 .34722E-07 0 .0071497 2, 36820E-07 0,,029673
2, 44832E-07 0.,0083533 2, 47249E-07 0,,034189
2. 53322E-07 0 .0067739 2 .S7685E-07 0,,033423
2, 63625E-07 0..0072973 2, 6S148E-07 0..035685
2,.76127E-07 0 .0077397 2..78555E-07 0 ,034342
2, 87117E-07 0 ,0090381 2, 89B60E-07 0,,038797
2,.97875E-07 0 .0093780 3..00722E-07 0 ,040258
3. 092S3E-07 0 ,0096181 3, 12033E-07 0,,039303
3,,20675E-07 0 .0093067 3..23435E-07 0 .039032
3. 32340E-07 0 ,0102846 3,3495SE-07 0,.036982
3..43813E-07 0 .0095316 3,.46356E-07 0 .035933
3, S5240E-07 0.,0099628 3..5B228E-07 0,.042250
3,.66537E-07 0 ,0091659 3 .69712E-07 0 ,044901
3,.77720E-07 0.,0122039 3. 80915E-07 0..045184
3,,89180E-07 0 ,0106407 3..92371E-07 0,,047954
4, 00747E-07 0.,0103834 4,.04309E-07 0,.050381
4. 122S8E-07 0 .0129938 4,.15719E-07 0.,048944
4, 23S90E-07 0,,0116971 4, 26749E-07 0,,044677
4,.34313E-07 0 ,0136038 4,.370B4E-07 0 ,039185
4, 44B48E-07 0 ,0125088 4, 47B19E-07 0..042014
4. 3S678E-07 0 .0136838 4,,58S42E-07 0..040503
4, 66002E-07 0,.0125869 4..68966E-07 0.,041920
4, 76538E-07 0 .0133383 4, 796S3E-07 0..044076
4, 86967E-07 0 .0132436 4. 89922E-07 0,.041790
4, 96415E-07 0 .0143967 4,.99922E-07 0.,049392
5. 07670E-07 0.,0170328 3. 10933E-07 0.,046130
5,.18373E-07 0 .0161424 3, 21308E-07 0 .044333
5, 28788E-07 0..0166442 3..31989E-07 0,.043267
5, 39467E-07 0 .0173667 3,.42313E-07 0 .043087
5. 49795E-07 0..0182477 3, 53368E-07 0,,050523
5,.6040BE-07 0 .0185684 3,63523E-07 0 .044076
5, 70338E-07 0 ,0190683 3,.73888E-07 0 .030193
3. 81108E-07 0.,0194812 3. 84391E-07 0,,046422
3, 90993E-07 0 ,0197423 3,93930E-07 0 ,041814
6. 00950E-07 0.,0209147 6. 04491E-07 0,,050075
6. 1123SE-07 0 .0217498 6,.14138E-07 0 .041331
6. 20322E-07 0.,0233834 6. 24017E-07 0 ,052233
6..30030E-07 0 .0262120 6.33771E-07 0 ,052903
6. 39147E-07 0..0267684 6, 42900E-07 0..033080
6,.48593E-07 0 .0280787 6,.S2398E-07 0 .036639
6. 57705E-07 0.,0316929 6..61995E-07 0 .060670
6,.66983E-07 0 ,0304263 6,.70812E-07 0 .054141
6. 75B23E-07 0.,0300063 6,.79931E-07 0 .058089
6 .8415BE-07 0 .0320228 6,.88154E-07 0 .056510
6,.92563E-07 0..0330412 6,.96643E-07 0 .057676
7 .00457E-07 0 .0347084 7 .04810E-07 0 .061565
7,.08387E-07 0 ,0336800 7,.122B2E-07 0 .055084
7 .15887E-07 0 .0333871 7 .19718E-07 0 .054188
7.23237E-07 0 .0334293 7 27456E-07 0 .059664
B-4
SOURCE: 45W tungsten-halogen lamp (30Hz, no filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
3.65E-07 T
2.95E-07
evi
e
u
^ 2.25E-07-
OJ
U
C
1.36E-07-
T3
ID
c
8.57E-08
1.59E-08 i i i i i 1 t i t i
418.000 494.000 570.000 646.000 722.000
Wavelength (nm) 30Hz. No Filter
B-5
SOURCE: 45W tungsten-halogen lamp (30Hz, no filter)
OPTRONIC u TRACOR - 45W T-H LAMP
30Hi, NO FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONI C DEVIATION TRACOR DEVIATION MEAN STANDARD
<nm) IRRADIANCE IRRADIANCE (W./cm. -2) DEVIATION
(W./cm. -2) (W./cm. "2)
380 1. 67443E-08 0.,0302430 1, 3901SE-0B 0,,0339983 1, 63229E-08 0.,059393
385 1. 84923E-0B 0,,0095248 1. 77127E-08 0, 0154911 1. 8102SE-08 0..055126
390 2, 0340SE-08 0..0054765 1,,96350E-08 0.,0213209 1, 99B78E-08 0,,049886
395 2, 2S235E-0B 0,,0034783 2. 19923E-08 0,,0157404 2. 22579E-08 0.,037562
400 2,.47617E-08 0 ,0047337 2. 40163E-08 0,,0273520 2, 43890E-08 0,.052708
405 2, 71973E-08 0.,0066438 2, 63810E-08 0,,0147469 2. 67892E-08 0,,037721
410 2.,97347E-08 0 ,0061818 2,.89105E-08 0,,0251392 2, 93226E-08 0..038280
415 3. 272B3E-08 0.,0115484 3, 14055E-0B 0,,0239706 3. 20669E-0B 0.,093536
420 3 .54540E-08 0 ,0078872 3 ,38783E-08 0,,0328373 3, 46662E-08 0.,111405
425 3,,84280E-08 0.,0135681 3. 66682E-08 0,,0280131 3. 73481E-08 0.,124437
430 4..15090E-08 0 .0072298 3 .93738E-08 0..0324495 4,,05414E-08 0,,136839
433 4, 47490E-08 0.,0126125 4, 27402E-08 0, 0272892 4, 37446E-08 0..142043
440 4..81B40E-0B 0 ,0063517 4..57975E-08 0.,0246025 4,.69908E-08 0.,168751
445 5, 16293E-08 0.,0097165 4, 93937E-0B 0,,0212700 5, 05115E-08 0,,158081
450 5..53488E-08 0 ,0046948 5,.26443E-0B 0,,0316514 5. 39966E-08 0.,191237
455 5. 92202E-08 0.,0098533 5, 65678E-08 0, 0383633 5. 78940E-08 0.,187553
460 6,.3166SE-08 0 .0117761 6,,06173E-08 0.,0451570 6. 18919E-08 0,,180256
465 6. 7361 SE -08 0,,0113378 6, 471S8E-08 0,.0441972 6. 60387E-08 0.,187079
470 7,.16540E-08 0 ,0202622 6,.84372E-08 0,,0349708 7, 00436E-0B 0,,227462
475 7,.59435E-08 0,,0104616 7, 27S08E-0B 0,,0564122 7. 43472E-08 0. 225758
480 8,.12670E-08 0 .0152270 7,.75470E-0B 0,,0408792 7, 94070E-08 0.,263044
485 8,.S9690E-08 0,,0083782 8,.1B553E-0B 0,,0579855 8. 39122E-08 0.,290883
490 9,.04983E-0a 0 ,0115916 8. 65543E-08 0,.0543624 8,.BS263E-08 0,,278883
495 9..33933E-08 0.,0113502 9..10332E-08 0.,0495643 9. 33133E-0B 0..322448
500 1,.00253E-07 0 ,0012045 0,96199E-07 0,.0498911 0..98226E-07 0..028666
503 1.05177E-07 0,,0006121 1,,00995E-07 0,,0055878 1, 030B6E-07 0,,029571
510 1,.10352E-07 0 .0011161 1 .05533E-07 0,.0065473 1.07943E-07 0.,034075
SIS 1,.15380E-07 0,.0014899 1..10233E-07 0.,0065314 1. 12806E -07 0.,036395
320 1,.20630E-07 0 .0011849 1 .15B38E-07 0..0064341 1,.18234E-07 0,,033885
323 1,.2S88SE-07 0..0006124 1.,20773E-07 0..0058384 1.,23330E-07 0.,036133
530 1,.31045E-07 0 .0012787 1 .26162E-07 0.,0065169 1,.28604E-07 0.,034528
533 1,.36S4SE-07 0,.0012012 1,.31370E-07 0..0071908 1..3395BE-07 0,,036593
540 1,.41577E-07 0 .0007527 1 .36505E-07 0.,0063292 1,.39041E-07 0,.035865
545 1,47390E-07 0.,0009793 1,.41970E-07 0,,0074176 1,.44680E-07 0.,036325
550 1..S2313E-07 0 .0063055 1 .47593E-07 0.,0073350 1,.50054E-07 0,,034804
555 1,.37767E-07 0 ,0042599 1,.53493E-07 0..0092843 1,.55630E-07 0,,030222
560 1,.63230E-07 0 .0000000 1 .39012E-07 0..0079149 1..61121E-07 0.,029826
565 1.68290E-07 0..0046009 1,.65135E-07 0..0095196 1,.66712E-07 0,,022309
S70 1 .73947E-07 0 .0035109 1 .70908E-07 0 ,0105615 1 .72427E-07 0,,021489
575 1,.80190E-07 0,,0045392 1,.76730E-07 0,,0101489 1..7B460E-07 0,.024466
580 1 .83760E-07 0 .0000000 1 .82412E-07 0 ,0104332 1,.840B6E-07 0.,023674
383 1,.91660E-07 0 ,0000000 1,.87992E-07 0.,0118769 1,.89826E-07 0,.025937
390 1..96930E-07 0 .0000000 1 .93762E-07 0 ,0104329 1 .95346E-07 0.,022401
595 2 .03347E-07 0..0082466 1,99463E-07 0,,0103403 2,.01405E-07 0,,027464
600 2..08495E-07 0 .0052034 2 .05293E-07 0.,0133491 2 .06894E-07 0 .022641
605 2 .13847E-07 0..0056805 2,.11128E-07 0,,0119099 2,12488E-07 0..019226
610 2 .18862E-07 0 .0037150 2 16705E-07 0 ,0130996 2 .177B3E-07 0..013232
615 2,.24940E-07 0 .0099686 2..22183E-07 0,,0129321 2,.23562E-07 0,.019493
620 2 .29327E-07 0 .0037339 2 .27745E-07 0.,0127013 2,.28S36E-07 0 .011186
625 2,.34725E-07 0 .0030938 2,.329B5E-07 0,,0118363 2,33B55E-07 0,,012304
630 2..41227E-07 0 .0103703 2 .38112E-07 0 .0133516 2 .39670E-07 0 .022026
635 2,.45733E-07 0..0077913 2,.43293E-07 0,,0150319 2 .44513E-07 0,,017253
640 2 .5108SE-07 0 ,0077423 2 .47927E-07 0 .0151548 2 .49506E-07 0 ,022330
645 2,36593E-07 0..0031640 2..53912E-07 0,,0143913 2..33253E-07 0,,018937
650 2..61057E-07 0 .0032017 2 .59292E-07 0 .0159034 2 .60175E-07 0..012480
655 2..66160E-07 0..0017146 2,.65148E-07 0,.0151826 2..656S4E-07 0.,007156
660 2 .71770E-07 0 .0000000 2 .70482E-07 0 .0152942 2 .71126E-07 0 .009108
665 2,.76770E-07 0,,0062440 2..73B13E-07 0..0151048 2 .76293E-07 0 ,006753
670 2 .82443E-07 0 .0086385 2 .81328E-07 0 .0170931 2 .81886E-07 0 ,007884
675 2,.88103E-07 0 .0091838 2.,86383E-07 0 .0181774 2..87344E-07 0 .010734
680 2 92450E-07 0 .0136768 2 .91967E-07 0 .0168136 2 .92209E-07 0 .003413
685 2..96333E-07 0 .0099666 2..97170E-07 0 ,0191345 2..967S1E-07 0 .005918
690 3 .0248SE-07 0 .0078323 3 .01958E-07 0 .0211780 3 .02221E-07 a .003726
695 3 .06888E-07 0 .0106383 3 07177E-07 0 .0199043 3 07033E-07 0 .002043
700 3..12003E-07 0 .0104325 3 .11932E-07 0 .0207660 3 .11967E-07 0 .000502
705 3 .17110E-07 0 .0099106 3 .17138E-07 0 .0244584 3 .17124E-07 0 .000198
710 3..22990E-07 0 .0068164 3 .21600E-07 0 ,0221182 3 .2229SE-07 0 .009829
71S 3 .2764BE-07 0 .0128323 3 .26722E-07 0 .0236342 3 2718SE-07 0 .006548
720 3..31315E-07 0 .0126832 3 31S40E-07 0 .0245580 3 .3142BE-07 0 .001591
723 3 .35982E-07 0 .0066589 3 .33917E-07 0 .0237035 3 .35949E-07 0 .000460
730 3 .41368E-07 0 .0142774 3 .'40790E-07 0 .0244514 3 41079E-07 0 .004087
733 3 .45082E-07 0 .0162401 3 .45433E-07 0 .0271882 3 .45257E-07 0 .002482
740 3 49117E-07 0 .0166075 3 .49627E-07 0 .0269243 3 .49372E-07 0 .003606
745 3 .33392E-07 0 .0150785 3 .53962E-07 0 .0280201 3 .53677E-07 0 .00403(1
750 3 .57970E-07 0 .0117376 3 .58190E-07 0 .0279316 3 .58080E-07 0 .001556
75S 3 .61180E-07 0 .0231823 3 .61815E-07 0 .0273254 3 .61497E-07 0 .004490
760 3 .64S38E-07 0 .0190325 3 .63143E-07 0 .0288111 3 .64841E-07 0 .004273
SOURCE: 45W tungsten-halogen lamp (60Hz, no filter)
B-6
Optronic (S) vs Tracor (B) , T-H 45W Source
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SOURCE: 45W tungsten-halogen lamp (60Hz, no filter)
OPTRONIC um TRACOR - 45W T-H
60Hl, NO FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
(nm) IRRADIANCE IIRRADIANCE (W./cm. *2) DEVIATION
1:W./em."2) i:W./cm.'>2)
380 1,.67417E-08 0 .0222378 1 60530E-08 0 .0132732 1..63973E-08 0 .048698
385 1. 860S3E-08 0 ,0113968 1,,7S853E-08 0 .0268158 1. 80953E-08 0 .072125
390 2,.04290E-08 0 .0119865 1 .96033E-08 0 .0241691 2 .00162E-08 0 .058386
393 2,.26338E-08 0 .0122233 2, 18263E-08 O .0112916 2,.22302E-0B 0 .057085
400 2 .48880E-08 0 .0139347 2 .42033E-08 0 .0212774 2 .45467E-0B 0 .048274
403 2 73025E-08 0 .0143828 2 , 62837E-08 0 .0200777 2.,67931E-08 0 ,072040
410 2 .98628E-08 0 .0145969 2 .88227E-08 0 .0240511 2 .9342BE-08 0 .073546
415 3,.2S303E-06 0 .0151039 3,.13422E-08 0 ,0201194 3..20864E-08 0 ,103239
420 3 .S6227E-08 0 .0197230 3 .39138E-08 0 .0091766 3..47682E-0B 0 .120837
423 3 .85883E-08 0 .0207278 3 .67283E-08 0 .0269446 3 .76583E-0B 0 .131322
430 4. 16BS0E-08 0 .0194298 3,.95727E-08 0 .0230138 4..0628BE-08 0..149362
435 4 .49177E-08 0 .0212951 4 .26888E-08 0 .0131960 4..38032E-08 0 .157607
440 4..83B83E-08 0 .0155109 4.,58512E-08 0 .0143413 4, 71198E-08 0..179400
443 S .18072E-08 0 .0217875 4 .92968E-08 0 .0138127 5 .0S520E-08 0 .177512
430 5. 35412E-08 0 .0189452 5,.24828E-08 0 .0124004 3, 40120E-08 0,.216262
455 3 .945S0E-08 0 .0238843 3 .66472E-08 0 .0218452 3,.80511E-08 0 .198541
460 6..33820E-08 0 .0254730 6,.072B2E-08 0 .0236868 6, 20S51E-08 0,,187652
465 6.. 76203E-08 0 .0290960 6 .47083E-08 0 .0231067 6,.61643E-08 0 ,205910
470 7,.18693E-08 0 .030SS99 6,.B6333E-08 0,.0200942 7, 02613E-08 0,.227406
475 7 .62772E-08 0 .0339900 7 .29328E-08 0 .0154707 7,.46030E-08 0 .236485
480 8..1S4S3E-08 0 .0335639 7, 75445E-08 0 .0344465 7,.9S449E-08 0,.282899
. 485 8,.6291SE-08 0 .0319149 8 .17943E-08 0 .0378062 8,.40429E-08 0.,318000
490 9 .08040E-08 0 .0338934 8,,66582E-08 0.,0195652 8. 87311E-08 0,.293153
495 9-.S9067E-08 0 .0336347 9..11218E-08 0 ,0401292 9,35143E-08 0,.338343
500 1 .00603E-07 0 ,0035444 0,.96232E-0 7 0.,0351694 0. 98418E-07 0.,030908
SOS 1 0553SE-07 0 .0034367 1..01055E-07 0 ,0027374 1,.03295E-07 0,.031678
S10 1,.10745E-07 0 .0040039 1, 05858E-07 0.,0053383 1. 08302E-07 0,,034556
315 1 .15710E-07 0 .0039759 1..10300E-07 0 .0033087 1,.13105E-07 0,.036840
520 1,.20943E-07 0 .0035697 1,.15782E-07 0..0025459 1. 18362E-07 0.,036494
525 1 .26312E-07 0 .0039560 1..20867E-07 0 .0014138 1,.23590E-07 0..038502
530 1,.31487E-07 0 .0045785 1, 26222E-07 0,,0037833 1. 28855E-07 0,,037229
535 1 .36B87E-07 0 .0037639 1..31577E-07 0 .0033898 1,34232E-07 0,.037347
340 1..42017E-07 0 .0042861 1,.36713E-07 0,,0032117 1.,39365E-07 0,,037305
545 1 .47830E-07 0 ,0042029 1 .42255E-07 0 ,0040629 1,.45043E-07 0.,039421
550 1 .S3177E-07 0 .0101115 1..48010E-07 0 .0033052 1,50594E-07 0,,036536
555 1 .S8218E-07 0 .0055210 1..53592E-07 0 .0038994 1,,33905E-07 0.,032711
560 1,.63777E-07 0 ,0042344 1,.59462E-07 0,,0033205 1..61620E-07 0,,030512
565 1 .68990E-07 0 .0086755 1 .65345E-07 0 .0043556 1,.6716BE-07 0..023774
570 1,.74S20E-07 0 .0071953 1,.71232E-07 0,.0032177 1, 72876E-07 0,.023250
575 1 80782E-07 0 .0082978 1 76982E-07 0 .0040701 1.788B2E-07 0 .026870
580 1..86517E-07 0 .0068193 1,826S0E-07 0,,0040778 1,.84584E-07 0..027344
585 1 , 922B7E-07 0 .0048541 1 .88330E-07 0 ,0041933 1 .90308E-07 0 .027980
590 1,.98062E-07 0 .0095370 1,.93942E-07 0.,0047200 1,.96002E-07 0..029133
595 2..03515E-07 0 .0084503 1 .99678E-07 0 .0045093 2..01596E-07 0 ,027132
600 2..09677E-07 0 ,0054739 2,.05540E-07 II .0050247 2, 07609E-07 0..029253
60S 2..149S2E-07 0 ,0090304 2 .11363E-07 0 .0034956 2 .13158E-07 0 .025378
610 2,.19923E-07 0 ,0074302 2 .16937E-07 0,,0049127 2,.18430E-07 0..021114
615 2 .25092E-07 0 .0089471 2 22597E-07 0 ,0041855 2..23845E-07 0 .017642
620 2,.30393E-07 0.,0115898 2,.27990E-07 0,,0047341 2..29192E-07 0.,016992
625 2..35500E-07 0 .0096050 2..33193E-07 0 .0049525 2,.34347E-07 0.,016313
630 2,.41227E-07 0,.0103703 2..38468E-07 0,.0037129 2. 39848E-07 0.,019509
635 2,.46338E-07 0 .0078792 2 .43557E-07 0.,0060242 2,.44957E-07 0.,019806
640 2,.51875E-07 0,.0040417 2, 48210E-07 0,,0051880 2. 50043E-07 0,.025915
645 2,.57093E-07 0 .0040825 2..54212E-07 0.,0060321 2,.S5652E-07 0.,020372
650 2..61990E-07 0,.0081484 2. 59762E-07 0,,0047528 2..60876E-07 0..015754
656 2,.67397E-07 0 .0093278 2..65447E-07 0.,0058099 2.66422E-07 0 ,013789
660 2..726BSE-07 0,,0082493 2,,70950E-07 0,.0037268 2. 71818E-07 0,,012268
663 2,.78093E-07 0 .0038332 2,.76172E-07 0 .0067786 2,.77133E-07 0.,013584
670 2, 62833E-07 0..0098248 2, 81653E-07 0,,0035443 2, 82243E-07 0,.008344
673 2,.88510E-07 0 .0102073 2,.86868E-07 0 .0062742 2,.87689E-07 0 .011611
680 2,.93303E-07 0..0149638 2..92397E-07 0,.0085005 2,.92850E-07 0,.006406
685 2,.97852E-07 0 .0110982 2,97540E-07 0 .0062196 2..97696E-07 0.,002206
690 3,.02962E-07 0,.0107647 3..02345E-07 0.,0083556 3.,02654E-07 0..004363
695 3,.07398E-07 0..0115533 3,.07600E-07 0 .0087263 3..07599E-07 0 .000014
700 3,.13623E-07 0,.0167952 3,.12408E-07 0 .0088910 3,.13017E-07 0.,008606
705 3..18573E-07 0 .0071662 3,.1754SE-07 0 .0083367 3.18059E-07 0 .007269
710 3,.23650E-07 0,.0053888 3..21972E-07 0,,0104897 3,.22811E-07 0 ,011865
715 3,.28933E-07 0 ,0053071 3,.2703BE-07 0 .0106039 3.27996E-07 0 .013541
720 3,.3346SE-07 0..0107929 3,.32010E-07 0 .0114704 3,.3273BE-07 0 .010288
725 3,.37487E-07 0 .0073788 3 .36675E-07 0 .0127511 3..37081E-07 0 .005742
730 3,.42018E-07 0,.0159626 3..41263E-07 0 ,0128884 3,.41641E-07 0 .005339
735 3,.46407E-07 0 .0162483 3 .45920E-07 0 .0114930 3 .46164E-07 0 .003444
740 3,.50472E-07 0,.0166157 3,.50415E-07 0 ,0132731 3..S0444E-07 0 .000403
745 3,.54855E-07 0 .0168102 3 .34417E-07 0 .0134831 3 .S4636E-07 0 .003097
730 3,.58690E-07 0,,0168343 3,.S8333E-07 0 .0122558 3..38S11E-07 0 .002524
755 3 .61895E-07 0 .0203768 3 62213E-07 0 .0132500 3 .62054E-07 0 .002249
760 3..6S83SE-07 0,.0188099 3..65668E-07 0 .0145145 3..65752E-07 0 .001187
B-8
SOURCE: 45W tungsten-halogen lamp (no chopping, blue filter)
Optronic (S) vs Tracor (B) . T-H 45W Source
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SOURCE: 45W tungsten-halogen lamp (no chopping, blue filter)
OPTRONIC Ul TRACOR - 45W T-H LAMP
NO CHOPPING, BLUE FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
<nm) IRRADIANCE
(W./cm. -2)
IRRADIANCE
(W./cm. 2>
(W./cm. -2) DEVIATION
380
385
390
393
400
405
410
415
420
425
430
435
440
443
430
455
460
465
470
475
480
485
490
495
500
505
510
515
520
525
530
333
540
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
645
650
655
660
663
670
673
680
683
690
693
700
703
710
713
720
723
730
735
740
745
750
755
760
3.0S433E
3.40507E-
3.75797E-
4.13417E-
4.S9240E-
S.01093E-
3.43705E-
5.87388E-
6.3U20E-
6.78827E-
7.22922E-
7.70108E-
8.16162E-
8.60 983E-
9.01277E-
9.40S63E-
9.74088E-
9.899B7E-
9.81320E-
9 . 57378E-
9.01087E-
8.2312SE-
7.43727E-
6.67355E-
6.02307E-
5.14733E-
4.19730E-
3. 38850E-
2. 38680 E-
1.88603E-
1.38905E-
1.11692E-
1.03845E-
1.13247E-
2.030S8E-
2.00195E-
2.42S82E-
2.S036SE-
2.19020E-
1.60118E-
0. 99621 E-
5.42632E-
3.62605E-
3.37955E-
3.8192SE-
4.S1685E-
3.03342E-
5.41820E-
S.63940E-
5.60938E-
5.10937E-
4.56835E-
4.32417E-
4.49623E-
S.32768E-
0.93472E-
1.0S59BE-
1.73320E-
3.10010E-
5.6S967E-
9.49088E-
1.64743E-
2.47252E-
3.33030E-
4.12778E-
4.76768E-
5.26892E-
5.6S08SE-
3.93163E-
6.13S03E-
6.29703E-
6.43193E-
6.53937E-
6.63312E
6.712S3E
6.78728E-
6.8S71SE
05750
04842
06040
04292
03902
05705
03972
04236
04507
04326
04711
05941
04799
05731
06099
04942
06479
06196
04769
04266
03224
03140
03618
02576
02376
02082
01700
01183
00903
01352
00575
00420
00447
00536
.05467
02105
01208
01227
.01152
01472
02908
15609
19462
18621
.01080
1B645
15153
05972
04264
12643
.03567
01275
.12775
17159
19515
03493
01257
00435
.01597
.03659
.05029
.00544
.00518
.01746
.01711
.02118
.02387
.02865
.03269
.03459
.03297
.03805
.03634
.04149
04138
04308
04489
2.83855E'
3.16545E-
3.56778E-
3.92993E-
4.33488E-
4.73833E-
5.17255E-
5.61968E-
6.0S233E-
6.53372E-
6.95038E-
7.40125E-
7.86248E-
8.29792E-
B.61233E-
9.09258E-
9.41632E-
9.63095E-
9 . 57797E-
9 . 27798E-
8.81303E-
8.12085E-
7.32687E-
6.S8790E-
5.99250E-
5.18190E-
4.22798E-
3 . 48395E-
2 . 72945E-
2.04637E-
1.54968E-
1.29462E-
1.20265E-
1.28088E-
1.5472BE-
2.02895E-
2.46392E-
2:5921BE-
2.34185E-
1.79242E-
1.22817E-
7.94700E-
S.957B0E-
5.78753E-
6.2376BE-
6.81467E-
7.28157E-
7.B6422E-
B.30567E-
8.51407E-
B.3S733E-
B.14033E-
8.2691SE-
B.73042E-
9.36740E-
1.08367E-
1.4282SE-
2.05695E-
3.257SSE-
3.49798E-
9.44765E-
1.55592E-
2.3531SE-
3.21597E-
4.02187E-
4 . 69338E-
5.2128SE-
3.59892E-
5.89522E'
6.10777E-
6. 28060 E-
6.41760E-
6.53375E-
6.630S8E-
6.71S33E
6.79592E-
6.8720SE
044993
.066810
.049816
.060322
.032747
.067677
.086692
.083022
.082373
.093849
.078844
.106300
.090531
.093494
.067987
.099919
.082814
.104839
.096886
.077530
.075729
.075255
.051360
.058669
.040568
.040286
.037195
.021688
.016130
.025162
.005990
.014876
.009691
.012021
.017125
.025636
.026563
.016337
.026205
.023960
.009756
.237604
.209769
.215568
.206839
.227916
.251753
.145048
.181306
.129313
.133981
.178949
.187318
.152429
.283506
.020351
.027684
.032365
.033260
.033678
.033784
.009226
.012874
.016047
.024469
.028852
.034459
.036833
.040616
.043186
.045224
.044419
.046159
.044657
.048887
.046557
.047409
2.94644E-
3.28526E-
3.66288E-
4.0320SE-
4.46364E-
4.87474E-
S.30480E-
3.74678E-
6.18177E-
6.66100E-
7.08980E-
7.55117E-
8.01205E-
8.45388E-
8.81255E-
9.24911E-
9.57860E-
9.76541E-
9.695S9E-
9.4238BE-
8.91195E-
8.18605E-
7.3B207E-
6.63073E-
6.00778E-
5.16462E-
4.21264E-
3.43622E-
2.6SB13E-
1.96620E-
1 . 46937E-
1.20577E-
1.12055E-
1.20 668E-
1.78893E-
2.01545E-
2 . 44487E-
2.54791E-
2.26603E-
1.69680E-
1.11219E-
6.68666E-
4.79192E-
4.3B354E-
5.02847E-
5.66576E-
6.15750E-
6.64121E-
6.97254E-
7.06172E-
6.73335E-
6.35434E-
6.29666E-
6.61333E-
7.34754E-
1.00919E-
1.24212E-
1.89308E-
3.17883E-
S.S7882E-
9.46926E-
1.60169E-
2.41284E'
3.27314E-
4.07483E
4.73033E
5.24089E-
5.62489E-
5.91342E
6.12140E
6.28882E
6.42477E
6.S3656E
6.63185E
6.71393E
6.79160E
6.86460E
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
09
09
09
09
09
09
09
09
09
09
09
09
09
09
08
08
08
08
08
08
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
-07
15258
16944
13448
14442
18209
19263
18703
17975
18303
17999
19717
21201
21132
22033
28313
22136
22950
19016
16633
20916
13989
09221
07806
06056
02162
02444
02169
06749
10087
11338
11358
12565
11611
10494
34174
01909
02694
06260
10723
13523
16402
78239
64880
70270
71009
62480
58968
72960
88334
03393
29663
52577
78952
99402
85651
10532
26323
22893
11133
11433
03057
06472
.08441
08084
07489
.03234
03963
.03672
.02375
.01928
.01162
.01013
.00397
.00180
.00198
.00611
.01056
B-10
SOURCE: 45W tungsten-halogen lamp (30Hz, blue filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
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SOURCE: 45W tungsten-halogen lamp (30Hz, blue filter)
OPTRONIC v% TRACOR - 45W T-H LAMP
30Hz, BLUE FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH1 OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
(nm) IRRADIANCE IRRADIANCE (W./cm. "2) DEVIATION
(W./cm.2) (W./em.2)
380 1 .52273E-0S 0 .00763 1 .36275E-08 0 .02488 1 .44274E-08 0 .11312
385 1 70542E-08 0 .00952 1 .33983E-08 0 .01912 1 .62264E-08 0 .11708
390 1 .88237E-08 0 .01062 1 75860E-08 0 .05101 1 .82048E-08 0 .08752
395 2 .0572BE-08 0 .01359 1 .93012E-08 0 .02409 1 .99370E-08 0 .08992
400 2 .28562E-08 0 .01259 2 .11015E-0B 0 .03931 2 .197B9E-08 0 .12408
405 2 .49225E-08 0 .01332 2 .32030E-08 0 .02485 2 .4062BE-0B 0 .12159
410 2 72867E-08 0 .03166 2 .S140SE-08 0 .03645 2 .62136E-08 0 .13176
415 2 .97547E-0B 0 .02365 2 . 7368SE-08 0 .03613 2 .85616E-08 0 .16873
420 3 .19125E-0B 0 .03078 2 .95213E-08 0 .03668 3 .07169E-08 0 .16908
425 3 .44133E-08 0 .03547 3 17668E-08 0 .04423 3 .30901E-08 0 .18714
430 3 .64178E-08 0 .01846 3 .38850E-08 0 .03929 3 .S1514E-0B 0 .17910
435 3B9215E-08 0 .03504 358962E-08 0 .04370 3 74089E-08 0 .21392
440 4 .11717E-08 0 .02032 3 80182E-0B 0 .04123 3 .959S0E-08 0 .22299
445 4 .33902E-08 0 .01920 4 .03S03E-0B 0 .03238 4 18703E-08 0 .21493
450 4 53523E-08 0 .02031 4 .19448E-08 0 .03697 4 .36486E-08 0 .24095
453 4 .73865E-08 0 .02300 4 .42352E-08 0 . 02295 4 .5B109E-08 0 .22283
460 4 .89837E-0B 0 .02147 4 .59032E-08 0 .03987 4 .74435E-08 0 .21782
463 4 .98383E-08 0 .01755 4 67927E-08 0 .03853 4 .8315SE-0B 0 .21336
470 4 93478E-08 0 .01777 4 .65755E-08 0 .03426 4 .79616E-08 0 .19603
475 4 82638E-08 0 .02451 4 51245E-0B 0 .03353 4 .66941E-08 0 .22198
480 4 .54747E-08 0 .02565 4 28613E-08 0 .02227 4 .41680E-08 0 .18480
. 485 4 .17073E-08 0 .02337 3 .94S42E-08 0 .03644 4 0S807E-08 0 .15932
490 3 .74902E-08 0 .00689 3 .S5750E-OB 0 .01647 3 .63326E-0B 0 .13543
495 3 .36380E-08 0 .01224 3 .21317E-08 0 .02443 3 .28849E-08 0 .10651
500 3 03873E-08 0 .01967 2,.90720E-08 0 .01963 2,.97297E-08 0,.09301
505 2 .60290E-08 0 .02225 2 .51432E-08 0 .02828 2 .55B61E-08 0 .06264
510 2 .12180E-08 0 .02021 2..06342E-08 0..02003 2,.09261E-08 0,.04128
515 1 .71570E-08 0 .01973 1 .7012SE-08 0 .01899 1..70847E-08 0 .01022
520 1..69602E-08 0 .96010 9,.33252E-09 0,.01869 1,.31464E-0B 0,.33936
525 9 .38363E-09 0 .01724 6 .81915E-09 0 .01866 6 .60139E-09 0 .30796
530 6,.93417E-09 0 .01398 7,.49495E-09 0,.22148 7,.214S6E-09 0,.39653
535 5 .616B8E-09 0 .00816 6 24090E-09 0 .17838 5 .92S89E-09 0 .44125
540 5,28943E-09 0.,18357 5,.92495E-09 0,.19768 5,.60719E-09 0,,44938
545 5..82440E-09 0 .22400 6 .11330E-09 0 .24270 5,.9688SE-09 0 ,20428
530 7,.36255E-09 0,,16803 7,.46B70E-09 0,,14589 7,.41S63E-09 0,.07506
553 8..45718E-09 0 .65350 8 .29888E-09 0,,57655 B,.37803E-09 0,,11194
360 1,,21085E-08 0.,00403 1, 18958E-0B 0,,01786 1,.20021E-08 0,.01504
563 1..25030E-08 0 .00238 1..26862E-08 0..02574 1,.2S946E-08 0,.01295
570 1,.094SBE-08 0,.00076 1. 15546E-08 0,.01066 1,.12S03E-08 0,,04306
575 a..04103E-09 0 .14360 8,.7S693E-09 0 .10540 8 .3989BE-09 0..50622
580 4,.83958E-09 0,.01942 3..97355E-09 0,,20820 5..406S7E-09 0,,80184
585 2,.76042E-09 0 .18628 3,.8170SE-09 0 .25204 3,.28B74E-09 0 .74715
590 1,.82B57E-09 0,.19148 2..87483E-09 0,.17672 2. 35170E-09 0,.73982
595 1,.70277E-09 0,.20063 2,.60327E-09 0,,27259 2,.15302E-09 0,.63675
600 1, 88937E-09 0,,01029 3. 01045E-09 0,,14395 2. 44991E-09 0,, 79272
605 2..26485E-09 0.,14599 3,.29612E-09 0,.15073 2 .78048E-09 0,.72922
610 2. 5S20SE-09 0,,17518 3. S2323E-09 0,,20403 3, 03767E-09 0,.68672
615 2..80872E-09 0,,20185 3,.78610E-09 0,.17389 3,.29741E-09 0,,69111
620 2. 83B00E-09 0,,06042 3. 90902E-09 0.,21439 3. 37351E-09 0.,75733
625 2, 90162E-09 0,,24249 4, 04617E-09 0,.11951 3. 47390E-09 0,,80932
630 2. 69832E-09 0,,21304 3. 91663E-09 0.,14612 3. 30749E-09 0.,86149
635 2. 34403E-09 0,,16993 3. 83307E-09 0,,18556 3, 0B855E-09 1,,05291
640 2, 21712E-09 0..22768 4. 07443E-09 0..16011 3. 14578E-09 1.,31332
645 2, 37208E-09 0,.27629 4, 04970E-09 0,,31454 3. 21089E-09 1.,18626
650 2. 61527E-09 0.,09296 4, 53B90E-09 0.,19939 3. 57709E-09 1. 36021
655 3, 50480E-09 0.,14311 5. 1S963E-09 0,,23204 4., 33221E-09 1,,17014
660 3. 33118E-09 0..25080 6. BS070E-09 0..11616 6. 10094E-09 1. 06032
665 8, 64745E-09 0.,02850 8. 9S283E-09 0,,04716 8. 80014E-09 0,,21594
670 1. 52750E-08 0. 00468 1. 59093E-08 0,.02560 1. S5922E-08 0. 04485
675 2. 8388SE-0B 0.,03561 2. 6807BE-08 0.,02380 2. 75961E-08 0,,11177
680 5. 00012E-08 0. 02426 4. S9682E-08 0. 02396 4. 79847E-08 0. 26518
685 8. 26797E-08 0.,05027 7. 65223E-08 0,,03410 7. 96010E-06 0.,43339
690 1. 24072E-07 0. 00538 1. 16110E-07 0, 00469 1. 20091E-07 0. 05630
695 1. 68423E-07 0,.00840 1. 59270E-07 0.,00787 1. 63847E-07 0.,06472
700 2. 08770E-07 0. 00657 1. 99983E-07 0. 00800 2. 04377E-07 0. 06213
705 2. 40330E-07 0.,03057 2. 34043E-07 0,,01035 2. 371B7E-07 0,,04446
710 2. 63967E-07 0. 01328 2. 60625E-07 0. 01119 2. 63296E-07 0, 03777
715 2. 84472E-07 0..01032 2. 80310E-07 0..01428 2. 82391E-07 0,,02943
720 2. 98747E-07 0. 01487 2. 95533E-07 0. 01627 2. 97140E-07 0, 02273
725 3. 09130E-07 0,,01717 3. 06660E-07 0.,01617 3. 07895E-07 0,.01747
730 3. 17042E-07 0. 01591 3. 1SB42E-07 0..01564 3. 16442E-07 0..00849
735 3, 2397SE-07 0,,01724 3. 22B95E-07 0.,01664 3. 23435E-07 0,,00764
740 3. 29163E-07 0. 01098 3. 28762E-07 0. 01723 3, 28963E-07 0,,00284
745 3. 34093E-07 0.,01954 3. 33682E-07 0,,01708 3. 33886E-07 0,.00291
750 3. 38S92E-07 0. 02022 3. 37918E-07 0, 01895 3. 38255E-07 0,,00477
755 3, 42142E-07 0.,02043 3. 42212E-07 0.,01750 3, 42177E-07 0,.00049
760 3. 4592BE-07 0. 02253 3. 43928E-07 0,,01577 3, 45928E-07 0,,00000
B-12
SOURCE: 45W tungsten-halogen lamp (60Hz, blue filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
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B-13
SOURCE: 45W tungsten-halogen lamp (60Hz, blue filter)
OPTRONIC TRACOR, 45W T-H LAMP
60Hz, BLUE FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
(nm) IRRADIANCE
<W./em.'>2)
IRRADIANCE
(W./cm. -2)
(W./em.2) DEVIATION
380
385
390
395
400
403
410
413
420
423
430
435
440
445
450
455
460
465
470
475
480
. 4B5
490
495
500
505
510
515
520
525
530
533
340
345
550
555
560
565
570
575
580
585
590
393
600
603
610
615
620
625
630
635
640
645
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
735
740
745
750
755
760
51925E-
70272E-
87797E
0310SE'
27978E
48805E'
70758E-
96812E-
17422E-
42722E-
6377BE-
B6982E-
10930E-
33062E-
32580 E-
73722E-
89335E-
98617E-
93063E-
81423E-
53580E-
17115E-
76310E-
37825E-
04938E-
59760E-
12102E-
71960E-
30817E-
94934E-
96842E-
63963E-
22965E-
6B792E-
27937E-
91997E-
21235E-
25203E-
10390E-
07132E-
89747E-
72525E-
76000E-
631S5E-
90618E-
2734SE-
49000E-
69533E-
81698E-
88197E-
614B8E-
29998E-
15910E-
22092E-
62387E-
44108E-
33260E-
59985E-
51718E-
79157E-
9584SE-
20225E-
23247E-
67208E-
08005E-
40243E-
65127E-
83603E-
98137E-
07908E-
16553E-
23650E-
29407E-
33475E-
380 30 E-
41313E-
451 40E
013234
013543
014373
018436
016849
019958
020335
044832
022785
019500
030749
029603
028662
027783
029307
026745
031798
042869
028048
026116
024996
032372
031446
034876
035028
013145
015990
017615
0062B7
136729
020240
020264
024505
032202
051370
076464
005339
005987
007811
026804
024467
017674
013015
009694
008250
141087
011508
010033
007810
255647
.151026
014241
050580
022104
087895
016955
257149
021725
002863
014412
013110
024771
002805
008130
008456
012729
.018286
019165
.022584
.023532
.025550
.026000
.029937
.026541
.025428
.031284
.034315
1.38318E
1.55375E
1.75500E
1 . 93867E-
2.11990E-
2 . 32777E-
.51443E-
.7431BE-
.93932E-
.1B467E-
.
38228E-
.60623E-
3.84205E-
4.04370E-
4.19415E-
4.44240E-
4 . S9868E-
4.68805E-
4.66765E-
4.52185E-
4.30163E-
3.94997E-
3 . S7877E-
3.22503E-
2.91498E-
2.52303E-
2.07B48E-
1.6B903E-
1.3248SE-
9.95987E-
7.58418E-
6.38738E-
5.B1997E-
6.04275E-
7.51097E-
9.89145E-
1.20B65E-
1.2744SE-
1.16777E-
8.87140E-
6.02172E-
3.90SS2E-
2.84205E-
2.76127E-
2.9713SE-
3.24867E-
3.43612E-
3.71078E-
3.96768E-
4.04067E-
3.B6405E-
3.80193E-
3.97698E-
4.422S7E-
4.66923E-
5.13060E-
6.78597E-
8.96B93E-
1.60745E-
2.69473E-
4.61903E-
7.64890E-
1.15970E-
1.S9312E-
2.00358E-
2.3425BE-
2.60945E-
2.80728E-
2.96225E-
3.06970E-
3.16180E
3.23443E'
3.29273E
3.343S8E
3. 38430 E
3.42608E
3.46268E
08 0.
08 0
08 0.
08 0.
02218
01449
05529
04490
02690
03920
02977
04633
05019
03575
03007
03919
05306
05140
05330
04221
03525
05306
04851
05508
05770
03779
03983
03125
04042
02823
02255
02334
0180B
04581
09825
25478
21219
08308
17028
05812
01486
02221
01908
19743
16068
29076
29282
15706
04643
16357
23736
10067
14801
10441
21936
15975
11631
20351
35597
16533
10598
07133
01449
02600
03040
04266
00794
00989
01409
01695
.01858
02140
.02262
02448
.02648
.02457
.02691
.02511
.02865
.02788
.02809
1.45122E-08
1.62B24E-08
1.B1649E-08
1.99486E-08
2.19984E-0B
2.40791E-08
2.61101E-08
2.85665E-0B
3.06677E-08
3.30S9SE-08
3.S1003E-08
3.73B03E-08
3.97368E-0B
4.18716E-08
4.33998E-08
4.58981E-08
4.74602E-08
4.83711E-08
4.79914E-08
4.66805E-08
4.41B72E-08
4.06056E-08
3.67093E-08
3.30164E-08
2.98218E-08
2.S6032E-08
2.0997SE-0B
1.70432E-0B
1.316S1E-0B
9.95461E-09
7.27630E-09
6.01351E-09
S.S2481E-09
5.86533E-09
7.39517E-09
9.90571E-09
1.21060E-08
1.26324E-0 8
1.13584E-08
B.47136E-09
S.45960E-09
3.31S39E-09
2.30103E-09
2.19641E-09
2.43877E-09
2.76206E-09
2.96306E-09
3.20305E-09
3.39233E-09
3.46132E-09
3.23946E-09
3.05096E-09
3.06804E-09
3.32175E-09
3.647S5E-09
4.28S84E-09
6.05929E-09
B.78439E-09
1.56231E-08
2.7431SE-08
4.78874E-08
7.92557E-0B
1.19609E-07
1.63360E-07
2.04182E-07
2.37252E-07
2.63036E-07
2.82166E-07
2.97191E-07
3.07439E-07
3.16367E-07
3.23547E-07
3.29340E-07
3.33916E-07
3.38250E-07
3.41961E-07
3.45704E-07
0.09622
0.10534
0.06695
0.07946
0.11305
0.11334
0.13658
0.15764
0.15196
0.17151
18067
18639
18897
20288
23451
20847
0.20836
0.21080
0.18395
0.20676
0.16558
0.15640
0.13034
0.10834
0.09504
0.05273
0.03008
0.02162
0.01179
0.00745
0.43541
0.52873
0.41742
0.25090
0.16377
0.02017
0.00276
0.01585
0.04516
0.56574
0.79496
0.83458
0.76512
0.79883
0.75319
0.68817
0.66901
0.71803
0.81367
0.81932
0.88330
1.06204
1.28544
1.53680
1.44487
1.19467
1.02769
0.26098
0.06383
0.06848
0.24001
0.39128
0.03146
0.03442
0.03407
0.04233
0.02957
0.02033
0.01366
0.00663
0.00264
0.00146
0.00095
0.00624
0.00283
0.00916
0.00791
B-14
SOURCE: 45W tungsten-halogen lamp (no chopping, green filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
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Wavelength (nm) 00Hz. Green Filter
B-15
SOURCE: 45W tungsten-halogen lamp (no chopping, green filter)
OPTRONIC v TRACOR - 45W T-H LAMP
NO CHOPPING, GREEN FILTER
WAVE MEAN STANDARD MEAN STANDARD
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION
(nm) IRRADIANCE IRRADIANCE
(W./cm. "2) (W./em.A2)
380 0.46538E-10 1.13995 2.1426SE-10 0.20120
385 0.00000E-10 0.00000 5.01S08E-10 2.92740
390 1.4331SE-10 2.47986 1.9931SE-10 0.71496
395 0.20620E-10 0.S050B 2.29338E-10 0.99390
400 1.6423SE-10 4.02292 3.40810E-10 2.81704
405 0.28568E-10 0.69978 3.60223E-10 0.88226
410 0.26443E-10 0.64773 3.54413E-10 1.62881
415 0.24SSSE-10 0.60147 3.88873E-10 2.90380
420 0.73S98E-10 1.80278 2.79238E-10 2.78900
423 1.27997E-10 1.98998 2.8046SE-10 1.99902
430 1.43B23E-10 2.25213 2.47467E-10 2.07129
433 2.3767SE-10 3.33683 3.11912E-10 3.21281
440 2.6923SE-10 2.96472 6.16675E-10 3.80577
445 S.03428E-10 1.50404 2.40S65E-10 2.25053
450 3.23985E-10 2.79943 4.82900E-10 1.81398
455 4.08735E-10 1.13986 4.14777E-10 2.55622
460 7.38162E-10 3.09475 6.33618E-10 3.03204
465 1.64777E-09 0.05141 1.39653E-09 0.17617
470 2.8990SE-09 0.01462 2.3596SE-09 0.14245
475 4.87107E-09 0.02995 4.23807E-09 0.18792
480 7.69193E-09 0.03946 6.60178E-09 0. U52
. 485 1.16510K 08 0.00516 1.02738E-08 0.01010
490 1.71S33E-08 0.00736 1.49738E-08 0.03108
495 2.38413E-08 0.01125 2.11673E-08 0.02424
500 3.15770E-08 0.01ZS5 2.85720E-08 0.02293
505 3.98885E-08 0.01781 3.6372SE-06 0.02615
510 4.82073E-08 0.01924 4.45202E-08 0.02425
515 5.S9040E-08 0.01592 5.18625E-08 0.02577
520 6.18827E-08 0.02128 5.84220E-08 0.02524
525 6.S6853E-08 0.02118 6.26275E-08 0.02322
530 6.70007E-0B 0.03046 6.42717E-08 0.01466
535 6.S5S52E-08 0.01968 6.31432E-08 0.02199
540 6.153S2E-08 0.01494 5.94828E-08 0.01226
543 5.5B41BE-08 0.02523 5.41267E-08 0.01345
550 4.88710E-08 0.02407 4.736B8E-08 0.01889
555 4.113S5E-08 0.01471 4.00930E-08 0.01587
560 3.3S022E-08 0.02090 3.27472E-08 0.02753
565 2.63427E-08 0.00670 2.59662E-08 0.01524
570 2.020S2E-08 0.01619 1.98182E-08 0.03392
575 1.4944SE-08 0.01171 1.45707E-08 0.02465
580 1.0S588E-0B 0.00130 1.06240E-08 0.02080
585 7.39607E-09 0.05970 7.45005E-09 0.12373
590 5.02275E-09 0.01103 3.19655E-09 0.09280
595 3.31993E-09 0.02103 3.40778E-09 0.20631
600 2.15547E-09 0.00532 2.33547E-09 0.20924
605 1.39282E-09 0.02506 1.64662E-09 0.20989
610 2.68993E-10 0.14078 2.4834BE-10 3.23420
615 5.B2442E-10 1.02007 5.23592E-10 3.17278
620 3.54008E-10 0.23009 3.88848E-10 1.49716
625 2.84340E-10 1.B5596 4.92217E-10 1.71471
630 1.91152E-10 1.55270 5.61605E-10 2.52163
635 4.70385E-10 2.21752 6.67687E-10 1.47708
640 4.22118E-10 1.09356 3.199S0E-10 2.10850
645 3.1678SE-10 2.09601 6.03538E-10 1.37369
650 2.61155E-10 2.05011 6.S6640E-10 1.69043
655 2.35407E-10 1.79485 4.95135E-10 2.05214
660 0.82102E-10 0.96182 5.90467E-10 1.74519
665 1.10583E-10 2.21168 4.BBS22E-10 2.95450
670 0.19060E-10 0.46687 6.BS547E-10 2.02645
675 0.59565E-10 0.99671 6.35402E-10 2.99457
680 0.19800E-10 0.48500 7.01080E-10 1.22124
685 1.05B20E-10 1.43071 5.94995E-10 2.86551
690 0.69740E-10 1.16697 4.80112E-10 3.21630
695 0.23030E-10 0.36412 5.71363E-10 3.69733
700 0.45110E-10 0.69684 3.29405E-10 3.50757
705 1.10108E-10 1.75622 2.62303E-10 3.55716
710 0.90532E-10 1.54766 1.37268E-10 0.13586
715 0.84908E-10 1.03992 1.50630E-10 0.12746
720 0.90120E-10 1.40061 1.53025E-10 0.14119
725 2.14820E-10 2.89815 1.69843E-10 0.15165
730 1.20408E-10 1.B5925 1.80932E-10 0.31108
735 1.75475E-10 3.09100 1.66980E-10 0.24209
740 1.36993E-10 2.75591 1.70927E-10 0.25966
745 0.6B3BOE-10 0.74907 1.92605E-10 0.26143
750 1.20160E-10 2.32072 1.88S3SE-10 0.27326
755 0.48793E-10 1.19519 1.78952E-10 0.41325
760 0.S0830E-10 1.24508 1.61923E-10 0.25762
COMBINED COMBINED
MEAN STANDARD
(W./cm. "2) DEVIATION
1.30401E-10 1.18601
2.507S4E-10 3.54620
1.71315E-10 0.39598
1.24989E-10 1.47600
2.52522E-10 1.24857
1.94397E-10 2.34517
1.90428E-10 2.31910
2.06714E-10 2.57612
1.76418E-10 1.45409
2.04231E-10 1.07811
1.95645E-10 0.73287
2.74794E-10 0.52493
4.42955E-10 2.45677
3.71996E-10 1.85872
4.03443E-10 1.12370
4.11756E-10 0.04272
6.85890E-10 0.73924
1.52216E-09 0.17764
2.72933E-09 0.23999
4.35457E-09 0.44760
7.14685E-09 0.77085
1.09624E-08 0.09738
1.60636E-08 0.13411
2.25043E-08 0.18908
3.00745E-08 0.21249
3.81305E-OB 0.24862
4.63638E-08 0.26072
S.38833E-08 0.28578
6.01S23E-08 0.24471
6.41564E-08 0.21622
6.56362E-08 0.19297
6.43492E-0B 0.17055
6.05090E-08 0.14513
S.49843E-0B 0.12128
4.B1199E-08 0.10622
4.06143E-0B 0.07372
3.31247E-08 0.03339
2.61S43E-08 0.02662
2.00117E-08 0.02737
1.47576E-08 0.02643
1.0S914E-08 0.00461
7.42306E-09 0.03817
5.10965E-09 0.12290
3.363B6E-09 0.06212
2.24S47E-09 0.12728
1.51972E-09 0.17946
2.S8670E-10 0.14598
5.S4017E-10 0.40199
4.71428E-10 1.66057
3.88279E-10 1.46991
3.76378E-10 2.61350
5.69036E-10 1.39514
3.71034E-10 0.72244
4.61162E-10 2.04179
4.58897E-10 2.79650
3.652B1E-10 1.83670
3.36284E-10 3.59468
2.99553E-10 2.67243
3.52304E-10 4.71277
3.57484E-10 4.21320
3.60440E-10 4.81738
3.50408E-10 3.45899
2.74926E-10 2.90177
2.97197E-10 3.87730
1.87238E-10 2.01027
1.8620SE-10 1.07618
1.13900E-10 0.33047
1.17779E-10 0.46487
1.21S72E-10 0.44481
1.92332E-10 0.31804
1.50670E-10 0.42797
1.71228E-10 0.06007
1.53960E-10 0.23995
1.30492E-10 0.87840
1.5434BE-10 0.48348
1.13873E-10 0.92036
1.06377E-10 0.78553
B-16
SOURCE: 45W tungsten-halogen lamp (30Hz, green filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
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Wavelength (nm) 30Hz. Green Filter
B-17
SOURCE: 45W tungsten- halogen lamp (30Hz, green filter)
OPTRONIC <J% TRACOR 45W T-H LAMP
30Hl, GREEN FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONI C DEVIATION TRACOR DEVIATION MEAN STANDARD
<nm)
I
IRRADIANCE
(W./cm.2) l
IRRADIANCE
:W./cm.-2)
i:W./cm."2) DEVIATION
380 0 .46S3BE-10 1 .13995 2 .23093E-10 0 .14333 1,.34816E-10 1.24843
383 0 .41693E-10 1 .02127 4 .04S10E-10 2 .18275 2 .23102E-10 2.56550
390 0 .00000E+00 0 .00000 2 .83103E-10 1 .30772 1,,41SS1E-10 2.00184
393 0 . oooooe+oo 0 .00000 2 . 86720E-10 1 .24393 1 ,43360E-10 2.02742
400 1 .S4938E-10 3 . 79520 4 .333S3E-10 2 .75571 2,.94145E-10 1.96869
405 0 .42B53E-10 1 .04969 3 .09092E-10 2 .39801 1 .73972E-10 1.88259
410 1 B5112E-10 3 .23879 5 .22S48E-10 3 .10443 3..53830E-10 2.38603
415 0 .24555E-10 0 ,60147 1 .94588E-10 0..88426 1, 09572E-10 1.20231
420 0 22998E-10 0 . 56334 3 .27692E-10 2 .54580 1..75345E-10 2.15451
425 0 .OOOOOE+00 0 .00000 5 .71232E-10 3 .33595 2, 85616E-10 4.03922
430 0 .00OO0E+OO 0 .00000 3 .49022E-10 3 .66820 1..74511E-10 2.46796
435 0 .O0O0OE+00 0 .00000 1..72202E-10 0 ,85031 0, 86101E-10 1.21765
440 0 .O0O0DE+O0 0 .00000 2 .S4062E-10 2 ,87681 1 .27041E-10 1 . 79663
445 1 .71623E-10 1 .40130 3,.21302E-10 2.,76003 2, 46463E-10 1.05839
430 6 .10S95E-10 1 , 68366 3 .84333E-10 1 .99107 4 .97464E-10 1.59991
435 1..76015E-10 0 .14343 4..05743E-10 1,,55460 2. 90879E-10 1.62442
460 3 .93463E-10 0 .27178 4 .9483BE-10 2 .09865 4,44150E-10 0.71683
465 8,.21412E-10 0 .37427 5..70050E-10 3,,69039 6, 95731E-10 1.77740
470 1 .42640E-09 0 .02267 1 .2B088E-09 0 .18040 1..35364E-09 0.10290
473 2,40462E-09 0..01992 2, 00B15E-09 0,,14316 2,,206396-09 0.28035
480 3 .83667E-09 0 .15167 3 .40B53E-09 0 ,15122 3..62260E-09 0.30274
485 5,.83043E-09 0..16686 5,.09938E-09 0,,32925 5. 46491E-09 0.51693
490 8 .359B5E-09 0 .07983 7 .39162E-09 0 .16267 7..B7574E-09 0.68464
493 1,.17378E-08 0,.01289 1, 04320E-08 0,,02261 1, 10849E-08 0.09233
500 1 .57013E-0B 0 .03868 1 .39360E-08 0 .02807 1,,48187E-0e 0.12483
505 1..97643E-08 0 .01490 1..78612E-0B 0,,02188 1, 88128E-0S 0.13437
510 2 .38947E-08 0 .01837 2 .19705E-0B 0 .01522 2 .29326E-08 0.13606
515 2,.77228E-08 0,.02205 2,.53923E-0B 0,.02361 2. 65576E-08 0.16479
520 3 06772E-08 0 .02108 2 .85170E-08 0 .01743 2.,95971E-08 0.13275
525 3,25735E-08 0,.02330 3,.07010E-08 0.,02356 3. 16373E-08 0.13241
530 3 .32138E-08 0 .02160 3 .13693E-08 0 .02502 3..22916E-08 0.13043
535 3..2S533E-08 0,.02141 3,,09320E-08 0,.01594 3,.17427E-08 0.11464
540 3 .05430E-08 0 .02103 2 91190E-08 0 .02350 2 .98310E-08 0.10069
545 2,.77198E-08 0.,01604 2,.65385E-08 0,.02078 2,.71292E-08 0.08353
550 2 .42290E-08 0 ,01392 2 .33328E-08 0 .02106 2 37B09E-0B 0.06337
555 2..04525E-08 0,.01393 1,.97810E-08 0,.02498 2,.01167E-08 0.04748
560 1..66705E-08 0 .00882 1 .60003E-08 0 .02586 1,.63354E-08 0.04733
565 1..31303E-08 0,.00806 1,.27505E-08 0,.03196 1..29404E-08 0.02686
570 8 .43177E-09 3 ,63912 8 .17255E-09 3 .51656 8 30216E-09 0.18330
573 7,.40853E-09 0.,17086 7, 15297E-09 0,.10064 7,28075E-09 0. ISO 71
580 5,.27783E-09 0 ,06851 5 .23393E-09 0 .26850 5 .2SS88E-09 0.03104
583 3..66760E-09 0..02287 3,.64053E-09 0,,15962 3..65407E-09 0.01914
590 2..49607E-09 0 .01300 2 , 3320 3E -0 9 0 .25122 2 .S2406E-09 0.03958
593 1,64957E-09 0,,01547 1,.62560E-09 0..12164 1..63759E-09 0.01695
600 4..06502E-10 0..01481 4 .06S28E-10 4 .46631 4 .06515E-10 0.00018
605 6, 319B0E-10 0.,13043 8, 21967E-10 1 ,42470 7,.51974E-10 0.98986
E10 4 .27545E-10 0 ,10481 5 .65995E-10 1 .69040 4 .96770E-10 0.97899
615 2. 65342E-10 0,,15368 5,77932E-10 2 ,71203 4..21937E-10 2.20610
620 2,.16873E-10 1.,24369 5..03508E-10 1 .80555 3 .60191E-10 2.02682
625 5. 86B33E-10 3,,71501 2,,1S973E-10 1,.15240 4..01404E-10 2.62236
630 5,.11700E-10 2.. 36273 2 .97588E-10 1 .98566 4 04644E-10 1.51400
635 3..51220E-10 1.,00363 3, 61348E-10 3,.06135 3..S62S4E-10 0.07162
640 6, 08745E-10 3.,87663 2, 23967E-10 0 ,76178 4 .17356E-10 2.70665
645 4, 92413E-10 4,.27014 2, 96375E-10 1.,85207 3 .94394E-10 1.38620
650 1,.68380E-10 3,.65198 2..96612E-10 1..05045 2 .32496E-10 0.90674
633 1..73095E-10 3.,75424 2, 39213E-10 1.,12574 2 .16154E-10 0.60893
660 0,.00000E+00 0,.00000 3,.24563E-10 2 .27373 1 .62283E-10 2.29502
665 0, 36862E-10 0,.90292 3, 54555E-10 1,,59615 1..95709E-10 2.24643
670 0, 19060E-10 0.,46687 3,.16792E-10 1 .99642 1 .67926E-10 2.10528
675 0, 7147SE-10 1.,26076 4, 52123E-10 2 ,21649 2 .61B01E-10 2.69157
680 0. 89623E-10 2.,19531 5,.03695E-10 2.,14945 2 96659E-10 2.92793
685 0. 00000E+00 0. OOOOO 5, 05395E-10 2,, 72633 2,.52697E-10 3.57368
690 0,.60442E-10 1,,48051 4, 27002E-10 1.,66996 2 .43722E-10 2.59197
695 1. 22067E-10 2,,99001 4. 014B3E-10 3,,22364 2..61775E-10 1.97577
700 0. 65413E-10 1,,60229 5,.00448E-10 1.,86602 2 .82930E-10 3.07616
705 1. 89387E-10 2,,94466 5. 56672E-10 1,,38549 3..73029E-10 2.59710
710 1, 030 33E-10 2,,52379 5, 80932E-10 3,.26635 3 .41992E-10 3.37940
713 1. 20998E-10 2..96384 5, 106SSE-10 3,,52171 3,.15827E-10 2.75529
720 0,.84223E-10 1.,53001 6,.21348E-10 2 ,66777 3 .S2783E-10 3.79803
725 0. 00000E+00 0. OOOOO 5. 60162E-10 2,,62961 2..80081E-10 3.96094
730 0,.21273E-10 0,,52109 4,.36B3BE-10 2,.64378 2 .29056E-10 2.93849
735 0. 00000E+00 0, OOOOO 7, 32690E-10 2,,90057 3..6634SE-10 3.18090
740 0,.19950E-10 0,, 48867 6,.01627E-10 2,.82633 3 .107B9E-10 4.11308
745 2,.06285E-10 2,,84601 3, 3SB08E-10 3.,46940 2 .71046E-10 0.91587
750 1,.20160E-10 2,,94331 4, 37353E-10 3.,57098 2..78756E-10 2.24289
755 0 . 00000E+00 0,,00000 7,.0S788E-10 3,,04368 3 .52894E-10 4.99067
760 0,, OOOOOE+00 0. OOOOO 6. 00822E-10 2,,92701 3..00411E-10 4.24842
B-18
SOURCE: 45W tungsten-halogen lamp (60Hz, green filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
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SOURCE: 45W tungsten-halogen lamp (60Hz, green filter)
OPTRONIC w TRACOR - 45W T-H LAMP
60Hz, GREEN FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
(nm) IRRADIANCE IRRADIANCE (W./em.-2i DEVIATION
1;W./em.*2) (W./cm.2)
380 2 .41537E-10 3,,51052 4, 03278E-10 3. 36945 3. 22408E-10 1.14368
385 1.,41757E-10 3,,47231 3. 00313E-10 1. 23096 2. 21035E-10 1.12116
390 1 .11962E-10 1,.87348 3, 20817E-10 1. 42745 2. 16389E-10 1.47683
395 0..73645E-10 1,,14795 3. 28005E-10 2. 16491 2. 00825E-10 1 . 79860
400 0 .90793E-10 1 .44067 4, 18952E-10 1,,99096 2. 54872E-10 2.32043
405 0 .57137E-10 0.,88516 2. 79373E-10 1. 78320 1. 68255E-10 1.57143
410 1 .77175E-10 1 .71012 3, 84300E-10 1,,55412 2. 80737E-10 1.46459
415 1 .3S0S8E-10 2..20595 3. 63465E-10 3. 29125 2. S0261E-10 1 . 62922
420 1 .46045E-10 1 .81423 3,.01942E-10 2,. 38988 2. 23993E-10 1.10236
425 0 44137E-10 1.,08112 5. 07485E-10 3. 09414 2. 75811E-10 3.27637
430 0 .42177E-10 1 .03311 2 87472E-10 2,,64724 1. 64S25E-10 1.73450
435 1,.62S12E-10 3.,41856 2, 41450E-10 0. 95028 2. 01981E-10 0.55818
440 1 .55252E-10 1 .63457 2, 60898E-10 2,,31529 2. 08075E-10 0.74703
445 2 .74977E-10 2,.89633 3. 1S285E-10 2..15508 2. 951 31E-10 0.28502
450 6 .36S00E-10 2 .65301 3, 62117E-10 2 81988 4, 9930BE-10 1.94018
455 3..14173E-10 2..35058 5, 11643E-10 1. 75714 4, 12908E-10 1.39632
460 5 .20932E-10 2 .04658 4, 06473E-10 1,,65626 4, 63703E-10 0.80935
465 7..B3147E-10 0,.20619 7. 02150E-10 3. 00571 7. 43649E-10 0.58688
470 1 47947E-09 0 .15009 1, 28232E-09 0,,18832 1. 38090E-09 0.13941
475 2..4S990E-09 0,,14125 2. 04228E-09 0. 21680 2. 25109E-09 0.29530
480 3 .91110E-09 0 .17732 3, 19025E-09 0,,27266 3. 55067E-09 0.50972
485 5,.78453E-09 0,,01662 5, 04770E-09 0..20903 5, 41612E-09 0.52102
490 8 .44888E-09 0 .08129 7, 38293E-09 0,,30872 7, 91590E-09 0 . 75374
495 1,.17290E-08 0..00321 1. 03425E-08 0,.01129 1. 10357E-08 0.09804
500 1 .37745E-08 0 .00331 1,,38968E-08 0,,01648 1, 48337E-08 0.13277
305 1,.98710E-08 0,.00506 1. 78967E-0e 0,,02491 1. BBB39E-08 0.13960
510 2 .4029BE-08 0 .00323 2,18748E-08 0,,01895 2, 29523E-0S 0.15238
313 2 ,78540E-08 0,,01392 2. 53395E-08 0.,00772 2. 6596BE-08 0.17780
320 3 .08110E-08 0 .00358 2,.84883E-08 0.,01817 2, 96497E-08 0.16424
525 3 .27297E-08 0..00786 3. 0S162E-08 0,,01102 3..16230E-08 0.15652
530 3 .3429BE-08 0 .01283 3,.14582E-08 0,.01342 3,, 24440E-Ot: 0.13941
535 3..27197E-08 0..01859 3, 03973E-08 0,,02528 3. 1S083E-06 0.12S86
540 3 .06788E-08 0 .00953 2..91033E-08 0 .01474 2..9B910E-08 0.11140
545 2..78190E-08 0,.00863 2..66375E-08 0,,02074 2..72533E-08 0.08001
550 2 .43200E-08 0 .00987 2 , 32820E-08 0 ,02834 2..38010E-0B 0.07340
555 2..OS080E-OB 0..00419 1,,97190E-08 0.,01458 2,.01135E-08 0.05579
560 1 .67308E-0B 0 .01341 1,.60538E-08 0 ,01115 1 .64023E-0B 0.04929
565 1,,31612E-08 0 ,01966 1,.28075E-08 0..02363 1,.29844E-08 0.02501
570 9 .98183E-09 0 .01555 9..60458E-09 0 .03754 9 .79321E-09 0.26676
575 7,.37108E-09 0.,02065 7,34482E-09 0,.31107 7,.35795E-09 0.01857
580 5 .26210E-09 0 .02444 5..22755E-09 0 .20723 5 .24483E-09 0.02443
585 3,.66228E-09 0,,01584 3,.55312E-09 0.,15965 3,60770E-09 0.07719
590 2 .S512BE-09 0 .15355 2..S3253E-09 0 .22785 2 54191E-09 0.01326
595 1,.69752E-09 0.,16001 1, 69487E-09 0,.19498 1,.69620E-09 0.001B7
600 1 .05750E-09 0 .01348 1 .90797E-09 4 .28242 1 .48274E-09 0.60137
605 6..66007E-10 0,,18447 7, 60S47E-10 1,.93909 7,.13277E-10 0.66850
610 4 .16013E-10 0 ,15818 5 .40018E-10 2 .16221 4 78016E-10 0.87685
615 2..58698E-10 0,,11790 3,.82982E-10 2,,42708 3 .20B40E-10 0.87882
620 1 .48457E-10 0 ,15335 3 .56778E-10 2 ,25297 2 .52E1BE-10 1.47305
625 7..03292E-10 3.,06280 4,.69638E-10 2 ,68013 5..86465E-10 1.65218
630 4 67137E-10 1 .73637 4 .68110E-10 1 .84724 4 .67624E-10 0.00688
635 3,.98257E-10 2,.85454 3,,2031SE-10 1,.73895 3 .S92B6E-10 0.55113
640 3..07577E-10 3 .60052 2 .76917E-10 1 .33137 2 .92247E-10 0.21680
645 3,.77518E-10 4,.84139 4, S3522E-10 2,.83114 4 .30320E-10 0.74956
650 1 .51540E-10 2 . 76679 3..30485E-10 1 .45340 2 .51012E-10 1.40675
653 0..17308E-10 0,.42397 3,.606B7E-10 1,.59562 1 .88997E-10 2.42B06
660 1..67777E-10 3 .17806 4,.00783E-10 2 ,41995 2 .84280E-10 1.64760
663 0,.36B62E-10 0..90292 4..00287E-10 1,,95206 2 .1B575E-10 2.56980
670 1 .86800E-10 3 .57419 3 .41863E-10 2 .07046 2 .64332E-10 1.09646
675 0,.39710E-10 0,.61518 3.,36S20E-10 1 ,66821 1 .88115E-10 2.09876
680 0..83370E-10 1 .29156 3..4213BE-10 2 .06693 2 .12754E-10 1.82977
685 0,.67545E-10 1.,13024 5..01697E-10 2,.64531 2.,84621 E-10 3.06992
690 0 .69740E-10 1 .16697 4 .65463E-10 2 .11077 2 .67602E-10 2.79B18
695 0,.92123E-10 1,.42717 3,.68265E-10 2.,01896 2..30194E-10 1.95262
700 1..12778E-10 1 .33060 5 .5S573E-10 0 .88037 3 .34175E-10 3.13103
705 0,.88087E-10 1,.07884 5,.5B05OE-10 2.,13912 3 23068E-10 3.32314
710 1 .07775E-10 1 .51193 7 .67332E-10 1 .64630 4 .37E53E-10 4.66519
715 0,.97645E-10 1..14391 4. 87617E-10 3.,12145 2 .92631E-10 2.75732
720 0 .75802E-10 1 .18514 7 .0S512E-10 3 .15708 3 .906S7E-10 4.43272
725 0,.84242E-10 1,.03176 5..04793E-10 3,.50735 2 .94517E-10 2.97374
730 1 .19557E-10 1 .46652 5 .018SOE-10 3 .06084 3 .10703E-10 2.70322
735 1 .14817E-10 1.,85726 6,.72280E-10 2..95587 3 .9354BE-10 3.94186
740 1 .24133E-10 1 .37362 5 .66165E-10 3 .93392 3 .4S149E-10 3.12564
745 0 .6B382E-10 1 .14425 3,32492E-10 3,,38061 2 .30437E-10 2.29180
750 1 .39008E-10 2 .34924 4 .54337E-10 3 .12752 2 96672E-10 2.22971
755 1 .21985E-10 1 .71129 4..07763E-10 3 .33322 2 64874E-10 2.02076
760 1 .52490E-10 1 .67044 6 .64260E-10 2 .980B4 4 .08375E-10 3.61873
B-20
SOURCE: 45W tungsten-halogen lamp (no chopping, red filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
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SOURCE: 45W tungsten-halogen lamp (no chopping, red filter)
OPTRONIC vt TRACOR - 45W T-H LAMP
NO CHOPPING, RED FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
(nm) 1IRRADIANCE IRRADIANCE <W./an. ~2) DEVIATION
(W./cm. -2) (W./cm. -2)
380 0,.93177E-10 1.,44349 4. 72513E-10 0..252682 2. 82845E-10 2. 68232
385 1 .59107E-10 1 .78113 4.,64340E-10 0.,245175 3. 11723E-10 2..15833
390 0,.74970E-10 1,,16143 4, 52397E-10 0.,251198 2. 63683E-10 2. 66881
395 2 .04853E-10 3 .17357 4 .55788E-10 0..282068 3. 30321E-10 1..77438
400 0,.E1843E-10 0,,95807 4. 44032E-10 0.,224081 2. 52938E-10 2. 70248
405 1 .15147E-10 0 .89192 4 .23322E-10 0.,124209 2, 69234E-10 2.,17913
410 0..58427E-10 0,.90514 4. 078B8E-10 0.,378638 2. 33158E-10 2. 47107
415 0 .69137E-10 0 ,76504 4. 18790E-10 0 ,294530 2, 43963E-10 2,,47242
420 0,69550E-10 0,,76188 4..19SOOE-10 0,.185798 2. 44525E-10 2. 47452
425 1 .32783E-10 2 .05710 4 .53297E-10 0 ,156201 2, 93040E-10 2..26637
430 0,.42230E-10 0,,65422 4, 73617E-10 0.,104709 2. 57923E-10 3. 05036
435 2 .18095E-10 3 .95183 4 .73287E-10 0 ,214433 3. 45691E-10 1,,80448
440 1,.49613E-10 1..32702 4. 68458E-10 0.,184440 3, 09036E-10 2. 23457
445 1 .03257E-10 1 .01326 4 .78217E-10 0 ,150620 2. 90737E-10 2.,63137
430 0,S569SE-10 0,.61011 5. 4031SE-10 0,.176439 2. 98005E-10 3. 42678
455 3..45187E-10 4 .04224 4..90297E-10 0 .168946 4. 17742E-10 1..02608
460 3,.67918E-10 3,,76406 4. 77803E-10 0,,170657 4. 22B61E-10 0. 77700
465 0..33353E-10 0 .51671 4..84622E-10 0.,224909 2. 589B7E-10 3.,19095
470 3,.20SS3E-10 4,.96599 4, 90715E-10 0.,179551 4. 05634E-10 1. 20322
475 0,.000OOE+00 0 ,00000 4 ,88780E-10 0..139638 2. 44390E-10 3.,45620
480 3,.90407E-10 4,,32701 4, 74515E-10 0., 363480 4, 32461E-10 0. 59474
485 1..13342E-10 2 . 77629 4..84897E-10 0..161566 2. 99119E-10 2.,62729
490 2.,82797E-10 4,,38107 4,,869206-10 0.,217701 3. 84858E-10 1. 44337
495 4..28308E-10 3..64820 4 .88903E-10 0..207099 4, 58606E-10 0,,42847
500 3..40260E-10 3.,79278 4, 87048E-10 0.,111339 4. 13654E-10 1. 03793
505 2..03495E-10 3 .01001 4..90893E-10 0.,239763 3. 47194E-10 2.,03221
510 1..SB143E-10 1,.93686 5, 04655E-10 0..143760 3. 31339E-10 2. 43021
515 2..14417E-10 3 .34206 5..28383E-10 0.,180445 3. 71400E-10 2.,22008
520 3,.88435E-10 4,,25509 4,.92232E-10 0,,256577 4. 40333E-10 0, 73395
525 0..00000E+00 0 .00000 4 .82793E-10 0..215963 2..41397E-10 3,,41386
530 3,.21107E-10 3,.58723 4,.84905E-10 0,.226141 4. 03006E-10 1,,15823
533 2..78420E-10 2 , 7983B 4 .89163E-10 0..147240 3,.83792E-10 1,,49018
340 2,.57343E-10 3,.98675 5,.19978E-10 0,.098223 3. 88661E-10 1,,85711
545 3..52133E-10 3 . 38469 5 .32505E-10 0 .125117 4,.42319E-10 1,.27542
550 3,.3328BE-10 1,.47803 5,.28658E-10 0.,217108 4,.30973E-10 1.,38147
335 2,.21037E-09 0 .13337 5 .76537E-09 0 .163034 3..987B7E-09 2..51376
360 2,.36380E-09 0..05061 7,.65692E-09 0,.197724 5,.01036E-09 3,.74280
565 2,.05302E-08 0 .03540 2 .20477E-0B 0 .139834 2..12889E-08 0..10730
570 8, 9139SE-08 0,,08784 8..40547E-08 0..409624 8,.65971E-08 0,,33955
575 1 .89667E-07 0 .00702 1 .84887E-07 0 .048101 1 .B7277E-07 0 .03380
380 2,.65035E-07 0..00723 2..63810E-07 0.,035127 2,.64423E-07 0.,00866
383 3,.08760E-07 0 ,00412 3 .09178E-07 0 .023791 3 .08969E-07 0 .00296
390 3, 34122E-07 0.,00715 3.35710E-07 0 .023904 3..34916E-07 0 .01123
395 3,.325B0E-07 0 .00000 3 .54243E-07 0 .021181 3 .53412E-07 0 .01176
600 3..67225E-07 0,.00564 3..69277E-07 0 ,026623 3,.68251E-07 0 ,01451
605 3,.79760E-07 0 .00338 3 .82437E-07 0 .032066 3 .81098E-07 0 .01893
610 3. 91787E-07 0,.00460 3..94957E-07 0 .028508 3,.93372E-07 0 ,02242
615 4,04438E-07 0 .00674 4 .06877E-07 0 .026776 4 .05667E-07 0 .01710
620 4. 16000E-07 0,.00073 4,.18638E-07 0 .024651 4..17319E-07 0 .01866
625 4,26725E-07 0..00689 4 .2970SE-07 0 .021113 4 .28215E-07 0 .02107
630 4. 37985E-0 7 0,,00700 4..39977E-07 0..019377 4.,38981E-07 0 .01408
635 4, 48175E-07 0.,01106 4..S0020E-07 0 .023535 4 .49097E-07 0 .01305
640 4. 5B547E-07 0,.01286 4..60192E-07 0 .022827 4,.59369E-07 0 .01163
645 4, 69185E-07 0,.01157 4 .70153E-07 0 ,027361 4 .69669E-07 0 .00685
650 4. S0318E-07 0,.00412 4,.79948E-07 0 .026355 4 .80133E-07 0 .00262
655 4,.90603E-07 0,,00302 4..91057E-07 0 .027994 4 .90830E-07 0 .00321
660 5. 01670E-07 0,,01062 5,.01757E-07 0,.023301 3..01713E-07 0 .00061
665 5..11403E-07 0,.00760 5..11795E-07 0 .026016 3 .11599E-07 0 .00277
670 5, 21812E-07 0.,00094 5,.21833E-07 0..024334 3..21833E-07 0 .00029
675 5..31880E-07 0,.00490 3 .31778E-07 0 .023099 5 .31829E-07 0 .00072
680 5..40830E-07 0..01239 5,.41832E-07 0 ,022266 5..41331E-07 0 .00708
685 5,.49773E-07 0,,02814 3,.31937E-07 0 .021306 5 .50855E-07 0 .01530
690 5. 59525E-07 0.,01061 3,.60708E-07 0.,023111 5 .60117E-07 0 .00837
695 5,.67738E-07 0..01322 5,.69967E-07 0 .023441 5 .6B853E-07 0 .01576
700 5.77427E-07 0,,01337 5,.78767E-07 0..022289 5 .7B097E-07 0 .00948
705 5..87523E-07 0,,02476 5,87048E-07 0 .023393 5 .B72B6E-07 0 .00336
710 5, 95995E-07 0,,02572 5,.94387E-07 0 .021184 5 .95191E-07 0 .01137
715 6,.05212E-07 0.,01889 6 .03022E-07 0 .023263 6 .04117E-07 0 .01549
720 6. 13020E-07 0,.01760 6..11120E-07 0 ,026178 6 .12070E-07 0 .01344
725 6,.21433E-07 0 .02436 6..18160E-07 0 .024952 6 .19797E-07 0 .02315
730 6..28007E-07 0,,02533 6 .25947E-07 0 .025173 6 .26977E-07 0 .01457
735 6,.36705E-07 0 .01584 6 .33132E-07 0 .027840 6 .34918E-07 0 .02527
740 6,44197E-07 0,.01009 6,.40382E-07 0 .023109 6 .42289E-07 0 .02698
745 6,.51015E-07 0 .00750 6 .47250E-07 0 .021463 6 .49133E-07 0 .02662
750 6,.57838E-07 0,.02095 6,.53640E-07 0 .018976 6 .55739E-07 0 .02969
755 6..65193E-07 0 .01662 6 .60040E-07 0 .016613 6 .62617E-07 0 .03644
760 6..71772E-07 0.,01509 6 .65887E-07 0 .013564 6 .68B29E-07 0 .04165
B-22
SOURCE: 45W tungsten-halogen lamp (30Hz, red filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
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SOURCE: 45W tungsten-halogen lamp (30Hz, red filter)
OPTRONIC u TRACOR - 43W T-H LAMP
30Hz, RED FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
(nm) 1IRRADIANCE IIRRADIANCE (W./cm ,-2) OEVIATION
i(W./cm. *2) i;W./em.-2)
380 0 .93177E-10 1 .44349 2 .17100E-10 0 .14466 1, SS138E-10 0.,87627
383 1 .423S8E-10 1,.60205 2 410E7E-10 0,.13289 1. 31713E-10 0. 69797
390 2 .62395E-10 3 .31059 2 .13687E-10 0 . 34583 2. 38041E-10 0..34442
395 2 ,S9482E-10 3..32261 2,.20732E-10 0.,42915 2. 40107E-10 0. 27400
400 3 .27782E-10 3 .27235 2 .08193E-10 0 .24368 2, 67988E-10 0,,84562
405 1 .15147E-10 0..89192 1,999B7E-10 0.,36732 1, 57567E-10 0,,59991
410 0 .53117E-10 1 .30109 2 .27145E-10 0 , 29571 1.,40131E-10 1.,23057
415 0 .7407SE-10 0 ,81143 2 .16645E-10 0..23346 1. 45360E-10 1. 00812
420 1 .39102E-10 2 ,13497 2 .156B3E-10 0 .24225 1, 77393E-10 0.,54131
425 0 .61963E-10 0..68567 2..15720E-10 0,.15995 1. 38842E-10 1. 08722
430 1 .68922E-10 3 .55339 2 .24015E-10 0 .32811 1, 96468E-10 0,,36957
435 2 .03B2SE-10 3..25106 2,.23688E-10 0,.23068 2. 137S7E-10 0,.14046
440 2 .12102E-10 3 .68409 2 .28850E-10 0 .21205 2.,20476E-10 0. 11843
445 2 .67707E-10 3.,29875 2,.4B458E-10 0..13614 2. 5B083E-10 0. 13611
450 2 .0421SE-10 1 .48055 2 .S2172E-10 0 .30528 2,.28193E-10 0.,33910
455 1 .66833E-10 1.,83066 2,4094BE-10 0..23653 2, 03891E-10 0. 32407
460 1 S9660E-10 1 .32646 2 .18585E-10 0 .23978 1, S9123E-10 0,,41666
465 0 .66707E-10 0..81699 2..22703E-10 0,.08499 1, 44705E-10 1, 10306
470 2 .88497E-10 3 .79825 2 .33578E-10 0 .09188 2, 61037E-10 0,,38833
475 2..54592E-10 3..32075 2,.43308E-10 0..18400 2. 4B950E-10 0.,07979
480 4 .50470E-10 4 .93465 2 .1B957E-10 0 .21422 3, 34713E-10 1.,63703
485 4,.21395E-10 4..62711 2,.1B953E-10 0,,12875 3. 20174E-10 1.,43148
490 4 .24195E-10 4 .64682 2 .32887E-10 0 .10299 3.,28541E-10 1.,33275
495 3,.1777BE-10 4.,07528 2 .36312E-10 0,.17242 2. 77045E-10 0. 57606
500 0 .00000E+OO 0 ,00000 2 .323B7E-10 0 .18756 1, 16133E-10 1,,64322
505 2..66883E-10 4.,13454 2,.30737E-10 0..11835 2. 48B20E-10 0,,25545
510 2 .31947E-10 2 .72390 2 .45457E-10 0 .19777 2. 38702E-10 0,,09553
515 3..0070SE-10 3.,85633 2..58028E-10 0.,25037 2. 79367E-10 0,,30177
520 1 .02285E-10 1 .25592 2 .43252E-10 0 ,36118 1,.72768E-10 0,,99678
325 0,.90105E-10 2,.20711 2,.33205E-10 0.,16592 1. 616S5E-10 1,,01187
530 1,.43853E-10 1 .60597 2 .35490E-10 0 .23679 1,.89673E-10 0,,64796
535 2,.96417E-10 3,,78991 2,.36223E-10 0 .20034 2, 66320E-10 0,,42563
540 2 .37343E-10 3 .98675 2 .59928E-10 0 .19309 2 .56636E-10 0,,01828
545 1,.47587E-10 1,,62566 2..5S537E-10 0.,24983 2,,01S62E-10 0.,76332
550 3..02750E-10 2 ,39176 2 .66710E-10 0 .17037 2..84730E-10 0.,25484
555 1..33520E-10 0,,38010 2..94080E-10 0 .44336 2.,13800E-10 1.,13533
560 1..12417E-09 0 ,00831 3 .88670E-09 0 .18309 2 .30S43E-09 1 ,95341
565 2,.6B807E-0B 0,,08750 2,.52330E-08 0 .19876 2,.60569E-08 0.,11651
370 4..34220E-08 0 .01715 4 .10060E-08 0 .18724 4 .22140E-08 0 .17084
375 9,.49955E-08 0,.03066 9,.08293E-08 0 .20426 9,.29124E-08 0.,29459
380 1 .33723E-07 0 .00359 1 .30500E-07 0 .01575 1 .32112E-07 0 ,02279
585 1..35B83E-07 0,.00382 1.53115E-07 0 .01173 1,.54499E-07 0 .01958
590 1,.6692SE-07 0.,02817 1 6652SE-07 0 .00965 1 .66725E-07 0 .00283
595 1..76945E-07 0,,00404 1..75867E-07 0 .00883 1 .76406E-07 0 .00762
600 1,.84042E-07 0.,00420 1 .83472E-07 0 .01205 1 .83757E-07 0 .00403
605 1,.90383E-07 0,,00536 1.89B40E-07 0 .01149 1 .90112E-07 0 ,00384
610 1,.95922E-07 0 ,00640 1 .96482E-07 0 .00950 1 .96202E-07 0 .00396
615 2,,026736-07 0,,00532 2 .02842E-07 0 ,00925 2 .02758E-07 0 .00119
620 2,.08465E-07 0,,00949 2 .08687E-07 0 .00653 2 .08576E-07 0 .00157
625 2. 13743E-07 0,,00470 2,.14278E-07 0 .00556 2..14011E-07 0 .00378
630 2.19318E-07 0.,00361 2.19227E-07 0 .00480 2 19273E-07 0 .00065
635 2. 24797E-07 0,,00776 2,.24190E-07 0 .00711 2 .24493E-07 0 ,00429
640 2,.30095E-07 0,,00705 2..29012E-07 0 .00727 2 .29553E-07 0 .00766
645 2. 35630E-07 0.,00490 2..34107E-07 0.,00943 2,34868E-07 0 ,01077
650 2..40S62E-07 0..00804 2..39285E-07 0 .01106 2 .39923E-07 0 .00903
633 2. 4S415E-07 0.,00852 2,.45197E-07 0 ,00615 2,.4S306E-07 0 .00134
660 2. 51720E-07 0,,00735 2,.50600E-07 0 .00699 2 .51160E-07 0 .00792
663 2. S72B0E-07 0. OOOOO 2. 35743E-07 0,,00721 2,56512E-07 0 .01087
670 2. 61040E-07 0,.00544 2..60783E-07 0 .00623 2 .60912E-07 0 .00181
673 2. 66440E-07 0. OOOOO 2. 66112E-07 0..00655 2,.66276E-07 0 .00232
660 2..70520E-07 0.,00651 2,.71383E-07 0 .00494 2 .70953E-07 0 .00612
65 2. 7S497E-07 0.,00612 2,.76500E-07 0,,00613 2,.73998E-07 0 .00709
690 2,.80487E-07 0,.00449 2,.80860E-07 0 .00665 2 80673E-07 0 .00264
695 2. 8S047E-07 0,,00794 2, B5648E-07 0.,00580 2 .8534BE-07 0 ,00425
700 2,.89643E-07 0,,00306 2,.9010BE-07 0 ,00564 2 .89876E-07 0 .00329
705 2..95093E-07 0.,00692 2. 94425E-07 0.,00935 2,.94759E-07 0 ,00473
710 2..985S8E-07 0,.00523 2,.9B128E-07 0 ,00582 2 .98343E-07 0 .00304
715 3..03733E-07 0,,00954 3,,02680E-07 0..00551 3,.03207E-07 0 .00745
720 3,07045E-07 0,,00952 3..06680E-07 0 .00693 3 .06863E-07 0 .00258
725 3,.12043E-07 0.,01089 3..09947E-07 0,,00668 3,.1099M>07 0 .01483
730 3,.1S81BE-07 0,,01177 3,.14353E-07 0 .00873 3 .150B6E-07 0 .01036
735 3,.19397E-07 0,,00666 3, 1B163E-07 0,,00653 3..18780E-07 0 .00872
740 3 .22740E-07 0.,01037 3 .22068E-07 0 .00493 3 22404E-07 0 .00475
745 3,.26422E-07 0,,01012 3..25407E-07 0,.00437 3,.25914E-07 0 .00718
750 3..3059BE-07 0 .01123 3..28700E-07 0 .00775 3 .29649E-07 0 .01342
755 3,.33S28E-07 0,,01111 3, 32073E-07 0.,00524 3..32B01E-07 0 .01029
760 3..37035E-07 0.,01234 3..34708E-07 0 .00543 3 .3SB72E-07 0 .01647
B-24
SOURCE: 45W tungsten-halogen lamp (60Hz, red filter)
Optronic (S) vs Tracor (B) , T-H 45W Source
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SOURCE: 45W tungsten-halogen lamp (60Hz, red filter)
0f-:'KONIC * TRACOR - 43W T-H LAMP
60Hi, RED FILTER
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
(nm) IRKnOIANCE
(W./em.2)
IRRADIANCE
(W./cm.2)
(W./em.-2) DEVIATION
380
383
390
393
400
405
410
415
420
425
430
435
440
445
450
455
460
465
470
475
480
. 485
490
495
500
503
510
515
520
525
530
535
540
545
550
555
560
365
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
645
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
733
740
743
730
755
760
0.46588E-10
0.00000E+00 0.
0.37485E-10 0.
0.34142E-10 0.
0.9B953E-10 2.
0.48362E-10 0.
0.2ESS8E-10 0.
1.90128E-10 2.
O.OOOOOE+00 0
0.61963E-10 0.
2. 9561 3E-10 4.
1.426B0E-10 3.
1.3798SE-10 3.
0.38243E-10 0.
O.OOOOOE+00 0.
O.OOOOOE+00 0.
1.38838E-10 3.
0.4669SE-10
1.60277E-10 3.
1.5S240E-10 3
1.63668E-10
0.726S3E-10
0.16967E-10
0.74608E-10
0.71477E-10
1.33442E-10
O.OOOOOE+00
1.17667E-10
O.OOOOOE+00
O.OOOOOE+00
O.OOOOOE+00
O.OOOOOE+00
O.OOOOOE+00
1.81247E-10
4.43692E-10
6.66293E-10
1.10270E-09
9.61325E-09
4.31140E-08
9.43322E-08
1.33108E-07
1.35345E-07
67263E-07
76518E-07
83868E-07
89880E-07
95745E-07
02148E-07
07712E-07
2.13132E-07
2.1829SE-07
2.23690E-07
2.29668E-07
2.34857E-07
2.40410E-07
2.43242E-07
2.30740E-07
2.55607E-07
2.60542E-07
2.65640E-07
70100E-07
75337E-07
79643E-07
84073E-07
88827E-07
93S37E-07
98277E-07
3.03137E-07
3.06685E-07
3.11075E-07
3.14748E-07
3.19007E-07
3.22430E-07
3.26077E-07
3.29273E-07
3.33282E-07
3.35755E-07
14118
00000
91819
83630
42385
76933
65054
93392
00000
68567
57962
49493
37993
39246
00000
00000
40083
76641
92596
80259
68496
77964
41560
82752
75081
26864
00.000
86223
00000
00000
00000
00000
ooooo
17115
76055
34431
01440
10338
03040
,05321
00685
,00684
,02622
,02405
,00655
,00441
,00745
,00731
,01094
.00748
.00914
.01259
00795
.00753
01053
00874
.00904
00932
.00463
.00620
00651
.00555
01058
01135
.00555
.01116
00829
.01045
01063
01063
.01049
.00331
.01004
.01034
.00738
.00933
.00838
2.54883E-10 0.
2.51187E-10 0.
2.60245E-10 0.
2.22342E-10
2.39310E-10
2.27342E-10
2.14678E-10
2.13773E-10
2.17715E-10
2.15188E-10
2.2S140E-10
2.31S4SE-10 0.
2.39293E-10 0
2.37293E-10 0.
2.36750E-10 0
2.39870E-10 0.
2.24357E-10 0.
2.40470E-10 0.
2.29913E-10 0
2.28160E-10 0.
2.28007E-10 0.
2.37018E-10 0.
2.47293E-10 0.
2.4S807E-10 0.
2.40278E-10 0
2.48017E-10 0.
2.53165E-10
2.64377E-10
2.59775E-10
2.49273E-10
2.3S057E-10
2.64042E-10
63095E-10
78377E-10
82700E-10
96560E-10
BO720E-09
09553E-08
10955E-08
13810E-08
30997E-07
53632E-07
6710BE-07
1.76393E-07
1.84193E-07
1.90655E-07
1.96958E-07
2.03270E-07
09435E-07
14632E-07
19843E-07
24640E-07
29810E-07
34795E-07
39967E-07
459BOE-07
51227E-07
56563E-07
61620E-07
2.67005E-07
2.72065E-07
2.77203E-07
2.B1630E-07
2.86483E-07
2.91155E-07
2.95248E-07
2.98877E-07
3.03413E-07
3.07372E-07
3.11108E-07
3.15348E-07
3.19403E-07
3.23200E-07
3.26442E-07
3.29867E-07
3.33175E-07
3.33987E-07
602421
404827
548276
562930
435467
556542
556946
438207
418736
413831
309012
243123
377952
362103
1774B0
305682
176326
340029
159270
210552
249072
370016
234349
185554
228436
366077
221499
342280
465631
263135
268427
389673
277033
493953
548213
41650B
507351
058485
178625
.192631
013633
009913
009053
.008969
009795
.011936
.012302
010826
.008271
009032
006755
.011175
.011978
.013909
013475
.009302
012322
.012692
.011405
.010486
012544
.010466
.009642
.008893
009775
009886
008924
.010164
.010552
.012381
.011832
010272
010583
010251
.008003
007091
.006420
50736E-10 1.47287
25593E-10 1.77616
48865E-10 1.57515
2824 2E -10 1.33077
69132E-10 0.99247
1.37852E-10 1.26558
1.20618E-10 1.33021
2.029S2E-10 0.18135
1.08858E-10 1.53948
1.38S76E-10 1.08346
2.60377E-10 0.49832
1.B7112E-10 0.62837
1.88639E-10 0.71636
1.37768E-10 1.40730
1.2B37SE-10 1.81350
1.19935E-10 1.69614
1.B1598E-10 0.60471
1.43582E-10 1.37020
1.93095E-10 0.49241
1.91700E-10 0.51562
1.95B38E-10 0.45494
1.S4836E-10 1.16224
1.32130E-10 1.62866
1.60207E-10 1.21056
1.55878E-10 1.19361
1.90729E-10 0.81017
1.27S83E-10 1.80429
1.91122E-10 1.03881
1.29887E-10 1.83689
1.24637E-10 1.76263
1.17528E-10 1.66210
1.32021E-10 1.86706
1.31347E-10 1.86036
2.29912E-10 0.68823
3.63196E-10 1.13838
4.B1428E-10 2.61442
2.45495E-09 1.91237
1.02853E-08 0.09476
4.21047E-03 0.14273
9.2B566E-08 0.20868
1.32053E-07 0.01493
1.54588E-07 0.01070
1.671B6E-07 0.00110
1.76456E-07 0.00088
1.84031E-07 0.00230
1.9026BE-07 0.00348
1.963S2E-07 0.00838
2.02709E-07 0.007SJ
2.08573E-07 0.01219
2.13882E-07 0.01061
2.19069E-07 0.01095
2.2416SE-07 0.00672
2.29739E-07 0.00100
2.34826E-07 0.00044
2.40188E-07 0.00313
2.43611E-07 0.00322
2.30983E-07 0.00344
2.SE08SE-07 0.00676
2.61081E-07 0.00763
2.66322E-07 0.00965
2.71082E-07 0.01389
2.76270E-07 0.01320
2.80637E-07 0.01405
2.85278E-07 0.01704
2.89991E-07 0.01646
2.94393E-07 0.01210
2.98577E-07 0.00424
3.03275E-07 0.00196
3.07128E-07 0.00627
3.11092E-07 0.00024
3.13048E-07 0.00424
3.1920SE-07 0.00280
3.22815E-07 0.00544
3.26259E-07 0.00258
3.29570E-07 0.00420
3.3322BE-07 0.00075
3.3S871E-07 0.00162
B-26
SOURCE: Xerox monitor (blue screen)
Optronic (S) vs Tracor (B) . Xerox Monitor
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SOURCE: Xerox monitor, data normalized (blue screen)
Optronic (S) vs Tracor (B) , Xerox Monitor
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OPTRONIC w TRACOR - XEROX MONITOR
BLUE SCREEN
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH! OPTRONI C DEVIATION1 TRACOR DEVIATION MEAN STANDARD
(nm) IRRADIANCE :IRRADIANCE (W./cm.A2) DEVIATION
(W./cm.2) (W./cm.'-2)
380 3 .81620E-10 1 .63460 4 .67363E-10 0 .38142 4 .24592E-10 0,.60771
385 6 .48722E-10 1 .78844 7 .9413BE-10 0 ,47247 7, 21430E-10 1.,02625
390 7 .42695E-10 0 . 69983 1 .24B20E-09 0 .05338 9 .95450E-10 3,,57442
395 6 .74190E-10 4 .34477 1 .77870E-09 0.,06342 1, 22645E-09 7,,81007
400 1 .30268E-09 0 .13954 2 .17255E-09 0 .05769 1 73762E-09 0,.61509
405 1 .66353E-09 0 .13513 2 .84235E-09 0 .07670 2..2S404E-09 0,.83228
410 2 .0B753E-09 0 .13766 3 .67062E-09 0 .07695 2 .87908E-09 1,.11941
415 2 .63562E-09 0 .03202 4 .75947E-09 0.,11346 3. 69754E-09 1,,50179
420 3 .28363E-09 0 .01634 6 .06030E-09 0 .14234 4..67197E-09 1,.96340
423 3 .97143E-09 0 .05910 7 .35037E-09 0,,17583 3, 66090E-09 2,.38927
430 4 .43958E-09 0 .01417 8 .42045E-09 0 .17920 6 .43002E-09 2,.81490
433 4 .86562E-09 0 .08259 9 .38098E-09 0.,17463 7. 12330E-09 3,.19285
440 5 .10135E-09 0 .03932 9 .97238E-09 0 .04209 7..S3687E-09 3,,44434
443 5 19517E-09 0 .02618 1..02393E-08 0..09413 7. 71725E-09 3.,56671
450 5 13010E-09 0 .02376 1 .04355E-08 0 ,02184 7,.78280E-09 3.,75148
455 4 .93980E-09 0 .01183 9..78747E-09 0,,19896 7. 36363E-09 3,,42782
460 4 .59362E-09 0 .01072 9 .13170E-09 0 ,19589 6..86266E-09 3,,20691
465 4 .21433E-09 0 .08116 8 ,22580E-09 0,,16417 6..22007E-09 2.,83654
470 3 ,688801 09 0 .00784 7 .26595E-09 0 ,14171 3,.47738E-09 2,.52943
475 3..22740E-09 0 ,06565 6.2617SE-09 0..14411 4, 74458E-09 2..14561
480 2 70982E-09 0 ,0B4.-:5 5 .25277E-09 0 .09977 3, 9B129E-09 1,,79814
485 2 .2S122E-09 0 .07214 4 ,32103E-09 0.,09125 3. 2B613E-09 1.,46358
490 1 .85770E-09 0 .07026 3 .5260 3E-09 0 .07881 2..69187E-09 1,,17969
495 1,.48138E-09 0 .06816 2..80045E-09 0,,06284 2. 14092E-09 0.,93272
500 1 .20990E-09 0 .10360 2.,19460E-0 9 0.,04248 1,.70225E-09 0,,69629
505 9..08433E-10 0,.07851 1, 73033E-09 0,,05170 1. 31938E-09 0,,58117
510 7 0408SE-10 0 .03873 1 .35723E-09 0 ,04226 1,.03066E-09 0,,46184
515 3,.52410E-10 0 ,05872 9,.52777E-10 0,,06198 7,,52594E-10 2.,83102
520 4 .24912E-10 0 .04479 8 43705E-10 0.,28109 6,.34308E-10 2,,96132
525 3,.28165E-10 0..07215 6..45S33E-10 0,,16421 4, 86849E-10 2..24413
530 3..13595E-10 0 ,90249 4..B8373E-10 0..29010 4,.009B4E-10 1,,23587
535 2,,60045E-10 0,,95736 3, 97108E-10 0,,23915 3. 28577E-10 0.,96918
540 1,.695S5E-10 0 .04949 3..64208E-10 0.,54186 2,.66882E-10 1,.37641
545 1,.63792E-10 0,.57245 2, 76347E-10 0.,31185 2,.20069E-10 0.,79588
550 1..14323E-10 0 .10649 2.,31 750E-10 0..25605 1..73037E-10 0,,83033
555 4,,14618E-U 3..92845 2, 147E0E-10 0.,25353 1. 28111E-10 1.,22540
560 6..78593E-11 2 . 77936 1,.87238E-10 0 .22204 1,.27549E-10 0..84414
565 6,.51770E-11 1.,00709 1, 77847E-10 0,.34342 1, 21512E-10 0..79669
570 5..4233BE-11 1 .26540 5 .4920SE-11 3..46868 5,4S772E-11 0 .04855
575 3,.92905E-11 1,.22492 4, 11543E-11 2 .60477 4,.02224E-11 0..13179
580 3.87977E-11 2 .60385 5 .2S7B3E-11 3 .33074 4..568B0E-11 0 .97444
585 2,.68370E-11 0,.59726 4, 59040E-11 3,.76830 3,.63705E-11 1 .34824
590 2..B468SE-11 1 .01714 6 .77487E-11 4 .23408 4..81086E-11 2 .77753
595 3..84692E-11 1..56960 2, 72058E-11 3,.56108 3..2B375E-11 0 .79644
600 1,.33645E-11 0 ,80950 5 .63342E-11 2 .58560 3 48493E-11 3 .03841
605 1. 38190E-11 0,,86257 5, 51022E-11 2..67570 3,.44606E-11 2 .91916
610 5,.17432E-11 3,,90361 5..65680E-11 2 .05800 5,.41556E-11 0 .34117
615 4, 0061SE-11 1,,38597 6, 49727E-11 3,.11638 5,.25171E-11 1 .76149
620 3,.48788E-11 2.,75424 6 .70007E-11 0,.53462 5,.09398E-11 2 .27136
625 1. 5441BE-11 0,,13948 1. 81705E-11 0,,21858 1,.68062E-11 0 .19295
630 2,.9B103E-11 1..13921 4,44755E-11 3.,65639 3..71429E-11 1 ,03698
633 5..40942E-11 4.,45006 4.,41210E-11 2,,96611 4,.91076E-11 0 .70521
640 1. 92235E-11 3,.84472 3..70553E-11 2,,63442 2,.81394E-11 1 .26090
643 1. 66268E-11 0,,81544 3. 47B63E-11 1.,76708 2,57066E-11 1,.28407
650 0,.84692E-11 1,,00051 4..18960E-11 2..11661 2,.51826E-11 2 .36363
655 2. 66565E-11 2.,69362 4. 0272BE-11 1.,80793 3,,34647E-11 0..96282
660 1, 44572E-11 1.,30939 4. 63543E-11 3..46667 3..04058E-11 2 .25547
665 3. 0S95OE-11 3,,55369 4. 61313E-11 2,,00587 3. 83632E-11 1 .09858
670 1. 1436SE-11 1..25281 2. 68147E-11 2,.81339 1 .91256E-11 1 .08740
675 1. 14365E-11 1,,46564 3. 44453E-11 1.,65562 2,.29409E-11 1.,62697
680 0, 62527E-11 1,,04628 4. 9S278E-11 1,.56379 2,7B903E-11 3 .06002
685 2. 20647E-11 2.,67692 4. 94973E-11 1.,47011 3..57B10E-11 1., 93978
690 0. 86013E-11 1,,33907 4. 03248E-11 2,.93497 2,.44631E-11 2 .24319
695 1. 12852E-11 1..38852 4. 89988E-11 1.,69205 3. 01420E-11 2,,66676
700 0. 90223E-11 1,.39773 2,.79168E-11 1.,14990 1,.84696E-11 1 .33604
705 2. 25938E-11 0.,90144 1. 73792E-11 0,,36143 1,,99865E-11 0 . 36873
710 1. 74595E-11 1.,11481 4, 27283E-11 3,,55129 3,.00939E-11 1 .78678
713 1, 35857E-11 1,,49331 4. 93762E-11 3..58926 3,.14809E-11 2 .53077
720 0. 84223E-11 1.,30478 2,,B4553E-11 1,,20231 1..84388E-11 1 .41655
725 0. B4243E-11 1,,30509 5. 91623E-11 2,,59711 3,.37933E-11 3 .58772
730 0. 63820E-11 0 ,69911 4,.15748E-11 1.,99322 2,.39784E-11 2 .48651
735 0. 86653E-11 1,,06128 4. 09380E-11 1.,93737 2,,48017E-11 2 ,28202
740 1. 33000E-11 1,,45694 2..21512E-11 1,,29459 1..77256E-11 0 .62587
745 1, 36763E-11 1,,22326 4, 00S60E-11 2.,77366 2..68662E-11 1.,86532
750 0, 84817E-11 0 , 97938 5,.16070E-11 2 ,57945 3,.00443E-11 3 .04942
753 1. 21983E-11 1.,10191 3. 88293E-11 2.,96130 3,.55138E-11 3..29731
760 0, 76245E-11 0,, 83522 6 32172E-11 3 ,13759 3,.54208E-11 3 ,93106
B-29
SOURCE: Xerox monitor (green screen)
Optronic (S) vs Tracor (B) . Xerox Monitor
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Optronic (S) vs Tracor (B) , Xerox Monitor
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B-31
OPTRONIC v% TRACOR - XEROX MONITOR
GREEN SCREEN
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
(nm) IRRADIANCE IRRADIANCE (W./cm. *2> DEVIATION
(W./cm. *2) (W./cm. "2>
380 1.8613SE-11 2.10941 4.0462BE-11 2.34128 2.95392E-11 1.54484
385 2.16B05E-11 3.11111 4.73768E-11 2.48912 3.452B7E-11 1.81701
390 0.37320E-11 0.91415 4.11832E-11 2.09159 2.24S76E-11 2.64620
395 2.07S45E-11 3.26754 4.82383E-11 2.86572 3.44964E-11 1.94340
400 1.5493SE-11 1.39959 4.320S5E-11 1.83022 2.9349SE-11 1.95953
405 1.05702E-11 1.37306 4.400S5E-11 1.63238 2.72878E-11 2.36423
410 1.05775E-11 1.29549 5.91475E-11 2.11055 3.4B625E-11 3.43442
415 2.82397E-11 2.55608 6.49547E-11 2.97554 4.63972E-11 2.59614
420 2.S2992E-11 2.03128 B.00980E-11 3.95105 3.26986E-11 3.87486
425 2.86B8BE-11 1.55697 9.68B22E-11 3.56633 6.27B55E-11 4.82200
430 4.6394BE-11 2.21583 1.44432E-10 0.22620 9.S4134E-11 6.93230
435 5.11913E-11 2.79966 1.98310E-10 0.33026 1.24751E-10 1.04029
440 5.01132E-11 3.40668 2.09778E-10 0.23863 1.29946E-10 1.12900
445 6.88783E-11 1.82603 2.37640E-10 0.16708 1.53259E-10 1.19333
450 8.18163E-11 3.18888 2.8540BE-10 0.20334 1.83612E-10 1.43961
453 9.3911SE-11 3.26736 3.44623E-10 0.25221 2.19268E-10 1.77279
460 1.91107E-10 0.47320 4.36B80E-10 0.43869 3.13993E-10 1.73788
465 2.92597E-10 1.06082 5.55795E-10 0.57980 4.24196E-10 1.86109
470 3.82942E-10 0.76013 8.25250E-10 0.49097 6.04096E-10 3.12759
475 5.6149BE-10 0.28860 1.19932E-09 0.05349 8.80410E-10 4.51007
480 7.92988E-10 0.35334 1.77023E-09 0.03128 1.281E1E-09 6.91013
485 1.14730E-09 0.05333 2.52983E-09 0.02281 1.B3857E-09 0.97760
490 1.580B3E-09 0.03191 3.55245E-09 0.03429 2.S6664E-09 1.39414
493 2.08102E-09 0.03446 4.70373E-09 0.04166 3.39238E-09 1.85454
500 2.60673E-09 0.10221 5.90895E-09 0.03471 4.2S7B4E-09 2.33502
505 3.14292E-09 0.11018 7.1B64SE-09 0.01753 5.16468E-09 2.85921
510 3.61472E-09 0.12689 8.39772E-09 0.02926 6.00622E-09 3.38209
515 3.99723E-09 0.12429 9.60S10E-09 0.02B38 6.80117E-09 3.96536
520 4.31532E-09 0.16961 1.04415E-08 0.00311 7.37841E-09 4.33186
525 4.41637E-09 0.12547 1.06323E-08 0.00439 7.52434E-09 4.39533
530 4.40595E-09 0.12871 1.05042E-08 0.00197 7.4SS08E-09 4.31211
535 4.36565E-09 0.12836 1.04758E-0B 0.00311 7.42073E-09 4.32053
540 4.28720E-09 0.12085 1.05377E-08 0.00358 7.41245E-09 4.41977
545 4.09160E-09 0.12279 1.00777E-08 0.00220 7.0846SE-09 4.23281
550 3.87215E-09 0.06975 9.44618E-09 0.02013 6.65917E-09 3.94144
555 3.58782E-09 0.06161 B.79215E-09 0.01904 6.18998E-09 3.68002
560 3.20700E-09 0.09829 7.94308E-09 0.03535 S.57504E-09 3.34892
565 2.80953E-09 0.0B952 7.0300SE-09 0.03030 4.91979E-09 2.98436
570 2.28613E-09 0.0736B 5.79700E-09 0.03705 4.04157E-09 2.48256
575 1.S9163E-09 0.06295 4.69558E-09 0.01476 3.29361E-09 1.98269
580 1.6143SE-09 0.06446 4.01410E-09 0.02892 2.81422E-09 1.69688
5BS 1.24220E-09 0.04619 3.14038E-09 0.02232 2.19129E-09 1.34222
590 1.10S5SE-09 0.23456 2.61088E-09 0.02175 1.8SB21E-09 1.06443
595 9.26703E-10 0.39562 2.32190E-09 0.02530 1.62430E-09 0.98700
600 7.54775E-10 0.61891 1.87105E-09 0.02157 1.31291E-09 0.78933
60S 5.91708E-10 0.31386 1.52847E-09 0.03056 1.06009E-09 0.66239
610 3.74852E-10 0.27183 1.26788E-09 0.01278 8.21366E-10 0.63146
615 1.32542E-10 0.26749 9.52488E-10 0.62821 S.42513E-10 5.79789
620 8.41338E-11 0.58228 8.33317E-10 0.26B64 4.58725E-10 5.29753
625 5.34502E-11 0.20630 7.83762E-10 0.35642 4.18606E-10 5.16408
630 2.23270E-11 0.21397 6.84235E-10 0.32613 3. 53291E-10 4.68054
635 1.34842E-11 0.17515 4.36775E-10 0.40977 2.35130E-10
3.13434
640 4.55438E-11 0.79773 3.50442E-10 0.15038 1.97993E-10 2.13596
645 6.089S3E-11 0.10834 1.9953SE-10 0.31420 1.30215E-10 0.98033
650 4.6S738E-11 1.49215 2.5B427E-11 0.31174 3.62083E-11
1.46591
655 3.721S2E-11 1.62285 2.17420E-11 0.29565 2.94786E-11 1.09412
660 3.21275E-11 1.65908 2.25030E-11 0.29907 2.73163E-11 0.68041
665 2.39598E-11 1.90473 1.B9503E-11 0.27665 2.14551E-11
0.35423
670 1.71548E-11 1.73447 1.97977E-11 0.32689 1.84763E-11
0.18688
675 1.21115E-11 1.32746 1.98168E-11 0.92393 1.S9642E-11 0.54485
660 1.25053E-11 1.36993 1.78137E-11 0.35902 1.5159SE-11
0.37536
6S5 1.41843E-11 1.48905 1.52568E-11 0.27090 1.47206E-11
0.07384
690 0.69740E-11 1.16697 1.60013E-11 0.22439 1.14877E-11
0.63833
695 1.0133SE-11 0.84583 1.37357E-11 0.17134 1.19346E-11
0.23471
700 2.S6012E-11 2.98679 1.5429BE-11 0.27046 2.05135E-11 0.71922
705 3.08300E-11 0.27291 4.98S93E-11 0.36290 4.03447E-11
1.34558
710 0.64665E-11 1.08205 2.04018E-11 0.49577 1.34342E-11
0.98538
715 1.69820E-11 1.91758 1.60792E-11 0.31275 1.6S306E-11
0.06384
720 0.63165E-11 0.69194 1.4S38SE-11 0.26533 1.04275E-11
0.38138
723 0.80030E-11 1.24239 1.43747E-11 0.26931 1.11888E-11
0.43054
730 0.42S47E-11 0.65913 2.45603E-11 2.22197 1.44075E-11 1.43583
733 0.9S318E-11 1.23765 4.75855E-11 3.79194 2.85SB7E-11
2.69080
740 0.44333E-11 0.68681 3.1B838E-11 2.83139 1.81586E-11
1.94104
745 0.77498E-11 0.87214 2.75022! -11 2.50718 1.76260E-11
1.39670
750 1.46075E-11 2.19306 5.28583E-11 4.20977 3.37330E-11 2.70475
733 0.48793E-11 0.75590 3.1S600E-11 4.31730 2.82197E-11 3.30082
760 1.52493E-11 3.04988 3.04013E-11 3.14269 2.2B254E-11
1.07147
B-32
SOURCE: Xerox monitor (red screen)
Optronic (S) vs Tracor (B) , Xerox Monitor
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SOURCE: Xerox monitor, data normalized (red screen)
Optronic (S) vs Tracor (B) , Xerox Monitor
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B-34
OPTRONIC TRACOR - XEROX MONITOR
RED SCREEN
WAVE MEAN STANDARD
LENGTH OPTRONIC DEVIATION
(nm) IRRADIANCE
(W./cm.2>
380 1.30307E-10 1.44193
385 1.75112E-10 2.09299
390 1.79140E-10 2.10061
395 1.67375E-10 1.97474
400 1.23948E-10 1.51806
405 1.B2B3BE-10 2.01848
410 1.8S110E-10 2.10893
415 1.79260E-10 2.02108
420 2.29993E-10 2.07761
425 2.B6B88E-10 2.70281
430 2.93242E-10 2.35391
435 4.16438E-10 2.41B63
440 4.32347E-10 2.65417
445 4.46220E-10 2.12703
450 S.99493E-10 2.72028
455 4.41392E-10 1.76899
460 4.23733E-10 1.86838
465 S.12343E-10 1.30386
470 2.54120E-10 3.22118
475 3.84682E-10 4.02476
480 5.05143E-10 2.38037
.485 4.094S3E-10 1.57260
490 1.50972E-10 0.20739
495 2.71312E-10 0.14343
500 7.17918E-10 2.38805
505 4.2295BE-10 2.09022
510 S.0S29BE-1O 4.31516
515 2.690S5E-10 0.16169
520 5.17620E-10 1.41331
525 4.69398E-10 1.55190
530 B.30638E-11 1.12860
535 2.69125E-10 3.37268
540 1.09095E-09 0.01866
545 2.20363E-10 0.17460
550 4.975B0E-10 4.26564
555 5.80467E-10 0.13905
560 6.74587E-10 1.90103
565 1.6S455E-10 0.20308
570 1.323B2E-10 0.14226
575 6.84375E-10 3.09679
580 5.76092E-10 3.75379
5BS 5.98002E-10 0.21579
590 6.77902E-09 0.23437
595 4.00833E-10 0.02357
600 3.19727E-10 0.19615
60S 4.03802E-10 0.25254
610 6.40137E-10 0.1B320
615 4.24S03E-09 0.12658
620 1.86168E-09 0.0931B
625 1.94045E-08 0.01060
630 3.76843E-09 0.02709
635 6.52737E-10 1.0051B
640 1.77492E-10 0.21116
645 1.68072E-10 0.21017
650 2.53410E-10 0.16630
655 2.02517E-10 0.24339
660 1.62953E-10 0.20413
665 4.82887E-10 4.13873
670 2.13482E-10 2.37480
675 4.56663E-10 3.87324
680 5.48162E-10 2.88490
685 6.20287E-10 0.27823
690 4.80053E-10 3.98994
695 S.573S7E-10 0.27677
700 3.54132E-10 0.24833
705 2.00493E-08 0.00732
710 4.58907E-10 0.20142
715 2.26497E-10 0.22548
720 4.59028E-10 3.76708
725 1.440S2E-10 0.31938
730 3.233SBE-10 2.48384
735 1.94972E-10 2.28856
740 1.77337E-10 2.00242
743 2.53015E-10 2.40606
750 1.41363E-10 1.78813
755 2.0493SE-10 2.35227
760 1.77908E-10 2.24464
MEAN STANDARD
TRACOR DEVIATION
IRRADIANCE
(W./cm. A2)
COMBINED COMBINED
MEAN STANDARD
(W./cm. A2) DEVIATION
4.08780E-11 2.99631
2.02272E-11 0.63345
3.97967E-11 2.65449
2.96BB0E-11 2.68911
4.23377E-11 3.25890
3.68880E-11 1.48920
3.09427E-11 1.77814
6.22080E-11 2.73150
S.78902E-11 2.65951
S.14447E-11 3.35528
4.34393E-11 3.41435
1.25837E-10 0.15855
1.47522E-10 0.42956
2.93743E-10 2.55155
2.11357E-10 1.56087
3.74073E-10 3.67195
4.24917E-10 4.21026
2.S0910E-10 2.21686
3.86263E-10 0.18BB4
2.66100E-10 0.26805
4.04243E-10 3.34843
3.272S0E-10 3.22852
3.59040E-10 0.35881
4.46053E-10 0.34316
2.34463E-10 0.28821
4.8077SE-10 4.08051
2.04947E-10 0.30563
8.47798E-11 0.35202
1.78462E-10 0.23498
1.66933E-10 0.32429
2.57467E-10 0.17478
2.99167E-10 0.34728
3.0951SE-09 0.03355
S.84720E-10 0.26685
2.46867E-10 0.23079
9.06343E-10 0.2B82S
2.03283E-10 0.34316
4.47785E-10 0.17953
3.35947E-10 0.14188
2.18642E-10 0.14323
2.60337E-10 0.33135
2.51483E-09 3.50034
7.2783BE-09 0.02970
2.15803E-09 0.01740
7.84990E-10 0.31774
8.24098E-10 0.48339
1.33777E-09 0.03572
3.76748E-09 0.03088
3.94S90E-09 0.02405
2.33777E-08 0.00507
1.01647E-08 0.00343
2.16937E-09 0.02374
5.47975E-10 0.42349
4.54820E-10 0.24455
3.7255BE-10 0.26019
4.86575E-10 0.34962
4.53605E-10 0.45548
2.51602E-10 0.22517
2.19078E-10 0.42934
4.55128E-10 0.45418
2.0838SE-10 0.36063
3.194S5E-10 0.44853
4.80B27E-10 0.34433
4.68620E-10 0.32468
9.80450E-09 4.47938
2.41033E-08 0.00453
5.63588E-09 0.02644
7.48140E-10 0.31861
3.76982E-10 0.17213
3.56593E-10 0.34993
1.44072E-10 0.16269
4.09483E-10 4.30055
4.34317E-10 3.53025
6.36677E-10 2.70240
6.74902E-10 2.66194
4.3B390E-10 2.34402
3.62630E-10 2.14113
8.5592SE-11 6.32359
9.76696E-11 10.9520
1.09466E-10 0.98331
9.85315E-11 9.73594
B.31429E-11 5.77072
1.09B63E-10 1.03202
1.08026E-10 1.09013
1.20734E-10 0.82768
1.43942E-10 1.21695
1.69166E-10 1.66484
1.69341E-10 1.78051
2.71137E-10 2.05486
2.89934E-10 2.01402
3.69982E-10 1.07817
4.0S425E-10 2.74454
4.07732E-10 0.47601
4.2432SE-10 0.00837
3.81627E-10 1.84861
3.20192E-10 0.93439
3.25391E-10 0.83BS0
4.54693E-10 0.71347
3.68352E-10 0.58127
2.55006E-10 1.47127
3.5B682E-10 1.23561
4.76191E-10 3.41B54
4.S1867E-10 0.40B83
3.55122E-10 2.12381
1.76917E-10 1.30302
3.4B041E-10 2.39821
3.1B166E-10 2.13875
1.70263E-10 1.23322
2.B4146E-10 0.21243
2.09305E-09 1.41718
4.02S42E-10 2.57639
3.72223E-10 1.77281
7.43405E-10 2.30430
4.36935E-10 3.33262
3.06620E-10 1.99637
2.34164E-10 1.43942
4.S1508E-10 3.29323
4.18314E-10 2.23131
1.S5642E-09 1.35540
7.02B70E-09 0.35310
1.27943E-09 1.24253
5.52338E-10 3.28991
6.13950E-10 2.97195
9.S8954E-10 4.93301
4.00626E-09 0.33768
2.90379E-09 1.47376
2.13911E-08 0.28095
6.96656E-09 4.52285
1.41105E-09 1.07242
3.62733E-10 2.61971
3.11446E-10 2.02762
3.12984E-10 0.84251
3.44S46E-10 2.00860
3.08279E-10 2.03522
3.67244E-10 1.63543
2.16280E-10 0.03957
4.5S896E-10 0.01085
3.78273E-10 2.40258
4.69871E-10 2.12720
4.80440E-10 0.00547
5.12988E-10 0.62746
S.07932E-09 6.68242
2.20763E-08 0.28666
3.04739E-09 3.66067
4.87318E-10 3.68858
4.18005E-10 0.56016
2.S0323E-10 1.50291
2.3371SE-10 1.26775
3.02227E-10 1.51683
3.0S827E-10 1.81712
4.44846E-10 2.71290
4.08133E-10 3.77269
3.21663E-10 1.65078
2.70279E-10 1.30634
SOURCE: Xenon flash
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Optronic (S) vs Tracor (B) , Xenon Flash
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OPTRONIC vs TRACOR
XENON FLASH
WAVE MEAN STANDARD MEAN STANDARD COMBINED COMBINED
LENGTH OPTRONIC DEVIATION TRACOR DEVIATION MEAN STANDARD
(nm) 1IRRADIANCE 1IRRADIANCE lIW./cm.A2) DEVIATION
(W./cm. -2) <W./em.-2)
380 0,.08305E-08 0,,11739 0,.06142E-08 0,,225820 0,.07224E-08 0,,015294
385 0..46825E-0B 0.,23557 0 .38010E-08 0 ,074639 0 .42418E-08 0,.062331
390 0..96233E-06 0,,43939 0,.93279E-08 0,,151568 0,,94756E'-08 0,,020887
395 1 .39670E-0B 0..65521 i .33631 E-08 0 .022260 1 .36661E-08 0.,042560
400 1,.55989E-08 0,,84053 i,.54430E-08 0.,022393 1,.S5210E-08 0,,011023
405 1 .56294E-0B 0,, 86636 i .55164E i:8 0 ,019623 1 .55729E-0B 0,,007990
410 1,.54276E-0B 1,,33632 l..S3133E-08 0,,018361 1,.53705E-08 0.,008082
415 1 .59052E-08 0.,51883 i .36090E-08 0 ,016977 1 .37371E-09 0,,020944
420 1,.72677E-08 0,,69495 i,.6B069E-0B 0,,018444 1..70373E-08 0.,032563
425 1 .78586E-08 0 .59471 i .75778E-08 0 ,020671 1 .77182E-08 0,.019855
430 1.70657E-08 0,,21560 i. 67489E-08 0,,019046 1..69073E-08 0,,022401
435 1 .71015E-08 0,.56580 i .73049E-08 0 .018819 1 .72032E-08 0,.014382
440 1..84189E-08 0.,35076 i,.82434E-08 0,,019875 1,.83336E-08 0.,012056
445 1..83947E-08 0..61894 i .B1770E-08 0 ,019360 1 .828S9E-08 0,.015393
450 1,.97215E-0B 0.,49675 i,.97431E-0S 0,,020926 1, 97323E-08 0.,001527
455 1 91079E-08 0,,33020 l .92271E-08 0.,022838 1 .91675E-08 0,,008428
460 2,.18400E-08 0,,76632 2,.16843E-08 0,,023697 2,.17622E-08 0,,011009
465 2 .15687E-08 0,,39646 2 .15534E-08 0,,023402 2..15611E-08 0.,001081
470 2,.13382E-08 0.,60713 2. 14147E-08 0,,024650 2,.13765E-08 0.,005409
475 1 .90874E-0B 0,,49141 1 .89418E-08 0,.024851 1..90146E-08 0,,010295
480 I,.960B1E-08 0,,54339 1,.93341E-08 0,,020958 1,.94711E-08 0,,019374
485 2 .14978E-08 0.,60402 2 .14242E-08 0,,034104 2 .14610E-08 0,,005204
490 1..76847E-08 0,,54994 1,.818S8E-08 0.,021566 1,79333E-08 0.,035433
495 1 .72979E-08 0..35603 1 .74359E-08 0.,020320 1 .73669E-0B 0,.009758
500 1..61S22E-08 0,,35919 1,.63006E-0S 0,,016649 1,.62264E-08 0..010493
505 1 59036E-08 0,.27505 1 .64011E-08 0.,016972 1 .61S24E-08 0,,035178
510 1 .63321E-08 0,,43597 1,,eeooo-08 0.,016669 1,.65661E-08 0.,033085
515 1 .57496E-08 0.,40401 1 .61883E-08 0.,017428 1 396B9E-08 0,,031020
520 1,.63667E-08 0,,47846 1,.70612E-08 0,.018102 1,.67140E-08 0.,049108
525 1 .6B504E-08 0,.27786 1 .73291E-08 0.,017081 1 .70896E-08 0,,033849
530 1..99670E-08 0,,34469 2.07172E-08 0,.025363 2..03421E-08 0,,053047
535 1 79118E-08 0,.49258 1 .B1190E-08 0.,019656 1 .80154E-0B 0,.014651
540 1 78071E-08 0,,27057 1,.75626E-08 0,,018956 1,.76849E-08 0,,017288
545 1 .68127E-08 0..27280 1 .70216E-0B 0.,019436 1 .69172E-08 0,,014771
550 1..65256E-08 0,,10289 1,.67469E-08 0,.018413 1..66363E-0S 0.,015648
555 1 .55765E-08 0 .20562 1 .58387E-0B 0 .017272 1 .57076E-0B 0,.018540
560 1..63793E-08 0,,38059 1..62876E-0B 0,.017923 1,.63335E-0B 0..006484
565 1 .64121E-08 0..54243 1 .61457E-08 0 ,016800 1 .62789E-0B 0,.018837
570 1 .61997E-08 0,,44709 1,.61905E-08 0,.018654 1,.61951E-08 0..000650
575 1 .56417E-08 0.,58674 1 .60761E-08 0 .018503 1 .58589E-0B 0,,030716
580 1.58721E-0B 0,,48867 1..575B8E-0B 0,,018551 1,.58155E-0B 0,,008011
585 1 .54098E-08 0,,22655 1 .55971E-08 0 .017807 1 .55035E-08 0.,013244
590 1 48770E-08 0,,46265 1..51330E-08 0.,016571 1..S0030E-08 0,.018101
595 1 46424E-08 0 ,45060 1 .48035E-08 0 .014818 1 .47230E-08 0,,011391
600 1,.42402E-08 0,,30369 1..42S35E-08 0 ,017068 1 .42469E-08 0,.000940
605 1 .43727E-0B 0,,24498 1 .44088E-08 0 .016948 1 .43907E-08 0..002552
610 1 46929E-0B 0,.40360 1,.50247E-08 0.,016050 1 .48388E-08 0 .023461
615 1 .37914E-08 0 ,28027 1 35129E-08 0 .015694 1 .36522E-08 0.,019692
620 1 .36170E-08 0..32205 1..34482E-08 0.,016236 1 35326E-08 0,,011936
625 1 .29186E-08 0 ,23672 1 .28345E-08 0 .013478 1 .2B767E-08 0 .005960
630 1 .24643E-08 0..40693 1..34693E-08 0 ,015555 1 .29668E-08 0.,071064
635 1 .28332E-08 0,.31566 1 .302S3E-08 0 ,014354 1 .29293E-08 0 ,013583
640 1 .21060E-08 0,,35621 1 .24077E-08 0 ,013299 1 .22569E-08 0 .021333
643 1 .18332E-08 0 .22818 1 .20737E-08 0 .014619 1 .19535E-08 0 .017005
650 1,21805E-08 0,,39683 1..22587E-08 0 .013760 1 .22196E-08 0,,005529
655 1 .15309E-0B 0..29318 1 ,1693eE-08 0 ,013750 1 16123E-08 0 .011518
660 1,.17583E-08 0,,34144 1,19033E-08 0 .012559 1 .18303E-08 0 ,010253
665 1 16654E-0B 0.,39880 1 17834E-08 0 .014065 1 .17244E-08 0 .008343
670 1..19119E-0B 0,,37556 1..2062EE-0B 0 .014189 1 .19872E-08 0.,010656
675 1 .14366E-0B 0 ,55785 1 .16484E-08 0 .012804 1 .15425E-08 0 .014976
680 1..19157E-08 0.,47606 1 .20221E-08 0 .013258 1 .19689E-08 0 ,007523
665 1 .29133E-08 0 ,33939 1 .31503E-08 0 .015484 1 .30318E-0B 0 .016758
690 1..26672E-08 0 .37456 1 .29142E-08 0 .015615 1 .27907E-08 0 ,017463
695 1 .11724E-08 0 .49293 1 .12101E-08 0 .013714 1 .11913E-08 0 .002663
700 1 .16462E-08 0.,51990 1 .27427E-0B 0 .013371 1 .21945E-08 0 .077534
705 1 .07331E-08 0 .41060 1 07898E-08 0 .011654 1 .07615E-08 0 .004009
710 1 .15603E-08 0 .53553 1 .14006E-08 0 .014298 1 .14805E-08 0 .011292
715 1 .19460E-08 0 .35610 1 .20842E-08 0 .014656 1 .20151E-08 0 .009772
720 1 .09509E-08 0.,49504 1 08310E-08 0 .013587 1 08909E-08 0 .008478
725 1 .06602E-08 0 .42123 1 07126E-08 0 .011678 1 .06864E-08 0 .003705
730 1 .17432E-08 0 ,44849 1 .18609E-08 0 .013227 1 18020E-08 0 .008322
735 1 .2831BE-08 0 .39627 1 .27676E-08 0 .012269 1 .27997E-08 0 .004539
740 1 13770E-08 0 .33747 1 1335BE-08 0 .012118 1 13564E-08 0 .002913
745 1 .09770E-08 0 . 466e3 1 .10847E-08 0 .013832 1 .10309E-08 0 .007615
750 1 07597E-08 0 .26873 1 09174E-08 0 .014614 1 .0B386E-08
0 .011151
755 1 04616E-08 0 .46844 1 .14268E-08 0 .013059 1 .09442E-08 0 .068250
760 1 10991E-08 0 .32191 1 10257E-08 0 .014007 1 .10574E-08 0 .004483
APPENDIX C
This appendix contains separate plots for first the
Optronic radiometer and second the Tracor Northern
radiometer. These plots are a comparison of the levels of
2
irradiance (W./cm. ) of the blue, green and red phosphors
when measuring the Xerox monitor.
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OPTRONIC RADIOMETER: Xerox monitor (blue, green and red
phosphors)
C-2
Xerox Monitor, Blue/Green/Red Phosphors
CVJ
<
E
u
OJ
u
c
2.00E-0B t
1.60E-08
1.20E-08
B.02E-09-
TJ
ID
C
C
4.01E-09
0.000
418.000 494.000 570.000 646.000 722.000
Wavelength (nm) Optronic Radiometer
TRACOR NORTHERN RADIOMETER: Xerox monitor (blue, green
and red phosphors)
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Xerox Monitor, Blue/Green/Red Phosphors
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APPENDIX D
This appendix contains the chromaticity coordinates
of the blue, green and red phosphors (screens) when the
Xerox Color Monitor was used as a source. These values
were calculated using the conversion and color programs
available in the Munsell Color Science Laboratory.
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SOURCE: Xerox Color Monitor (blue screen)
OPTRONIC DATA
Chromaticity Coordinates x : 0.14957
y : 0.06520
z : 0.78523
TRACOR NORTHERN DATA
Chromaticity Coordinates x : 0.14942
y : 0.06402
z : 0.78656
OPTRONIC vs TRACOR NORTHERN
Ax : 0.00015
Ay : 0.00118
Az : 0.00133
D-3
SOURCE: Xerox Color Monitor (green screen)
OPTRONIC DATA
Chromaticity Coordinates x : 0.27771
y : 0.61727
z : 0.10502
TRACOR NORTHERN DATA
Chromaticity Coordinates x : 0.28932
y : 0.61041
z : 0.10026
OPTRONIC vs TRACOR NORTHERN
Ax : 0.01161
Ay : 0.00686
Az : 0.00476
D-4
SOURCE: Xerox Color Monitor (red screen)
OPTRONIC DATA
Chromaticity Coordinates x : 0.53561
y : 0.33996
z : 0.12443
TRACOR NORTHERN DATA
Chromaticity Coordinates x : 0.57963
y : 0.36190
z : 0.05847
OPTRONIC vs TRACOR
Ax : 0.04402
Ay : 0.02194
Az : 0.06596
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APPENDIX E
This appendix contains a list of the instruments and
sources used in order to carry out this investigation.
E-2
LIST OF SOURCES AND INSTRUMENTS
1. Tracor Northern TN-6100 Series DARSS (Diode Array Rapid
Scan Spectrometer) with TN-6048 Fixed-Grating
Spectrograph and TN-1710 Multichannel Analyzer Mainframe.
2. Optronic Model 730A Optical Radiation Measurement System.
3. Standard of Spectral Irradiance: 45-watt quartz-halogen
tungsten coiled coil filament lamp (model 245M) supplied
by Optronic Laboratories Inc. (serial number L-376).
4. General Electric 45-watt tungsten-halogen quartzline lamp
(Q6.6A/T2/1CL) .
5. Xerox Color Monitor: model number 6060-20.
6. EG&G Xenon Flash: pulse duration of 1 ms .
7. Mercury Vapor Lamp: for wavelength and bandwidth
calibration.
8. Hewlett Packard Power Supply 627A: supplied 6.5 amperes
dc necessary for 45-watt tungsten-halogen lamps.
9. Hewlett Packard 34740A DC Voltmeter: used to monitor
output of Hewlett Packard Power Supply.
10. Ektaprint 150 Illumination Power Supply: power supply for
the EG&G Xenon Flash.
11. Oriel Optical Chopper (model 66311): used to chop the
45-watt tungsten-halogen source.
12. Corning Glass Filters: Filter set number 68 supplied by
the Hemmendinger Color Laboratory, Belvidere, N.J.
Filters used were: Blue (serial number HCL 104-68), Green
(serial number HCL 103-68) and Red (serial number HCL
101-68) .
13. Tech/Ops Optical Three Meter Bench: on which the Optronic
and Tracor Northern radiometers were mounted.
14. Dehumidifier: connected to Tracor Northern to keep the
diode array dry.
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15. Rainbow 100 Computer & Software: interfaced with the
Tracor Northern radiometer.
16. Heathkit LSI-11 Digital Computer: interfaced with the
Optronic radiometer.
17. Hewlett Packard 7475A Plotter.
18. Polarized Laser: used to align the two radiometers on the
optical bench.
19. Access to the VAX/VMS, Minitab and BMDP for processing
the data received from the two instruments.
20. Tektronix 7313 Oscilloscope (with storage capability): to
take pulse duration and amplitude reading of the xenon
flash.
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APPENDIX F
VITA
K. Wayne Farrell was born in Winnipeg, Manitoba,
Canada. In 1963 he joined the Royal Canadian Air Force as
a communications operator and was later trained as a
radar technician. In 1975, after completing one year of
electrical engineering at Red Deer College in Red Deer,
Alberta, he was accepted to the Royal Military College in
Kingston, Ontario. Mr. Farrell graduated in 1978 with a
B.S. (Applied) and was granted a commission in the
Canadian Armed Forces.
In May, 1985, Mr. Farrell was accepted into the M.S.
program in Imaging Science at the Rochester Institute of
Technology. As a member of the Canadian Armed Forces, Mr.
Farrell was supported financially and administratively by
them. Upon graduation in May 1987, Mr. Farrell will be
posted to Canadian Forces Base Cold Lake, Alberta,
Canada .
